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plates)); or pins or combs made from similar materials comprising beads or flat surfaces or 
beads placed into pits in flat surfaces such as wafers (e.g. silicon wafers). 

Immobilization can be accomplished, for example, based on hybridization 
between a capture nucleic acid sequence, which has already been immobilized to the 
support and a complementary nucleic acid sequence, which is also contained within the 
nucleic acid molecule containing the nucleic acid sequence to be detected (FIGURE 1 A) 
So that hybridization between the complementary nucleic acid molecules is not hindered by 
the support, the capture nucleic acid can include a spacer region of at least about five 
nucleotides in length between the solid support and the capture nucleic acid sequence The 
duplex formed will be cleaved under the influence of the laser pulse and desorption can be 
initiated. The solid support-bound base sequence can be presented through natural 
oligoribo- or oiigodeoxyribonucleotide as well'as analogs (e.gT tnio-modified 
phosphodiester or phosphotriester backbone) or employing oligonucleotide mimetics such 
as PNA analogs (see e.g. Nielsen et al, Science, 254, 1497 (1991)) which render the base 
sequence less susceptible to enzymatic degradation and hence increases overall stability of 
the solid support-bound capture base sequence. 

Alternatively, a target detection site can be directly linked to a solid support 
via a reversible or irreversible bond between an appropriate functionality (L') on the target 
nucleic acid molecule (T) and an appropriate functionality (L) on the capture molecule 
(FIGURE IB). A reversible linkage can be such that it is cleaved under the conditions of 
mass spectrometry (i.e.. a photocleavable bond such as a charge transfer complex or a labile 
bond being formed between relatively stable organic radicals). Furthermore, the linkage 
can be formed with L' being a quaternary ammonium group, in which case, preferably, the 
surface of the solid support carries negative charges which repel the negatively charged 
nucleic acid backbone and thus facilitate the desorption required for analysis by a mass 
spectrometer. Desorption can occur either by the heat created by the laser pulse and/or. 
depending on L.' by specific absorption of laser energy which is in resonance with the L' 
chromophore. 

By way of example, the L-L' chemistry can be of a type of disulfide bond 
(chemically cleavabie. for example, by mercaptoethanol or dithioerythrol), a 
biotin/streptavidin system, a heterobifunctional derivative of a trityl ether group (Koster et 
al, "A Versatile Acid-Labile Linker for Modification of Synthetic Biomolecules," 
Tetrahedron T enr- rs 31. 7095 (1990)) which can be cleaved under mildly acidic conditions 
as well as under conditions of mass spectrometry, a levulinyl group cleavabie under almost 
35 neutral conditions with a hvdraT-jninm^rpTnr" ^..*r— 

u;: :.^:rer>i:aa^- -r..""Tv ■ . ....... , 

^ pvrapnospnatase. or a noonucieonae Dona in between onsoaecxvr.ucicoack. 
sequence, which can be cleaved, for example, by a ribonuclease or alkali. 
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therebv f k 71 " fte,Cdona,ities - L °* d L - also fo™ a charge transfer complex and 
^ form the temporary L-L' linkage. Since in many cases me -charge-transL ba^- 
can be deKrnuned by UV/vis spectiometry (see e.g. Organic CH,^.^^** 

energy of me charge-transfer wavelength and, thus, a specific desorption offZoli7 
= can be initiated. Those skilled in the ar, wUl recognize that several commons 
can serve this purpose and that the donor functionality can be either on ri, 
coupled to the nucleic acid molecu,e to be detected orZ v^a. " M ^ " 

toyMM0 * er *P roac ^ arev ^iW=L-LMiiikagecanbeMnerat e rfhv 
0 homo.ytically forming restively stable radicals. Under the inLnce of ™* 

ndZnt ml? reC ° 8m2e *" OthCT0 ^-«^ be selected and rh* in 

relation to the .association energies needed to homolytically cleave the bond between*™ 

a corresponding laser wavelength can be sele,,.H ...... ... Denveen *™. 

5 Wentrup, John Wiley * Sons, 1984). """ ^-^ ^c' 

sequence aCS^"^ f " nC ' i '" 1 V ^ * "—1— into a target capturing 

J ' LCR ^GURH 5) or transcription amplification (FIGURE 6A) 
Prior to mass spectrometry analysis, it mav be useful trs ». ^ » 

~nmuz= fragmentation. Condrtiorung is preferably performed while a target detection si* 
1~ *» of conditioning is modification of me phosphS ZT 

backbone of me nudeic acid molecule (e.g. cation exchange,, which can bet^ for 

unit. Contacting a nucleic acid molecule with an alkylating agent such as alkyliodide 

I |! - i0d0etta0, • « "-ep-y-.-propano., me monothio phospr 
Uketii^r T " - ^ — ^ ' P^horriester Lnd. 
"alkylsuy, hlonde , Ftmher condilioning involves P J 8 
reduce sens,,,™ f or deputation (fragmentation during MS) such as N7- or N9 
deazapunne nucleotides, or RNA building blocks or using oligonucleotide triesters or 

rr:";^ 16 wwch - ~ - -~ 

- (mu.ted, ^Z^^^Z^^ - - 



.... — -t~oo.iu iupporu.. Mumpiexine can he 3 rh,,v... 

de,eaedon U '" Crem """v***™- *» — ' — uons can be simuhaneoujly 

detected on one large, sequence by employing corresponding deiecor (probe, m0 Iecu,e7 
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DNA DIAGNOSTICS BASED ON MASS SPECTROMETRY 



Background nf tht- Invention 

The genetic information of all living organisms (e.g. animals, plants and 
microorganisms) is encoded in deoxyribonucleic acid (DNA). In humans, the complete 
genome is comprised of about 100.000 genes located on 24 chromosomes (The Human 
Genome. T. Strachan. BIOS Scientific Publishers. 1992). Each gene codes for a specific 
protein which after its expression via transcription and translation, fulfills a specific 
biochemical function within a living cell. Changes in a DNA sequence are known as 

miltarinnc anri ran r^cttlt in rwtT»«ne **si*K nitAM^J — _ : i i . 

„. K .w^..w w ~* ■ mi uiiwiwu vi in iumc c as e s even iosi Diocnemicai 

activities; this in turn can cause genetic disease. Mutations include nucleotide deletions, 
insertions or alterations (i.e. point mutations). Point mutations can be either "missense". 
resulting in a change in the amino acid sequence of a protein or -nonsense" coding for a stop 
codon and thereby leading to a truncated protein. 

More than 3000 genetic diseases are currently known (Human Genome 
Mutations. D.N. Cooper and M. Krawczak. BIOS Publishers. 1993). mcluding hemophilias, 
thalassemias Duchenne Muscular Dystrophy (DMD). Huntington's Disease (HD). 
Alzheimer's Disease and Cystic Fibrosis (CF). In addition to mutated genes, which result in 
genetic disease, certain birth defects are the result of chromosomal abnormalities such as 
Trisomy 21 (Down's Syndrome). Trisomy 13 (Patau Syndrome). Trisomy 18 (Edward's 
Syndrome). Monosomy X (Turner's Syndrome) and other sex chromosome ancuploidies such 
as Klienfelter's Syndrome (XXY). Further, there is growing evidence that certain DNA 
sequences may predispose an individual to any of a number of diseases such as diabetes, 
arteriosclerosis, obesity, various autoimmune diseases and cancer (e.g. colorectal, breast, 
ovarian, lung). 

Viruses, bacteria, fungi and other infectious organisms contain distinct nucleic 
acid sequences, which are different from the sequences contained in the host cell. Therefore, 
infectious organisms can also be detected and identified based on their specific DNA 
sequences 



uicc me sequence u, aoouL , u nucleotides ib specinc on biausucai grounub 
even for the size of the human genome, relatively shore nucleic acid sequences can be used to 
detect normal and defective genes in higher organisms and to detect infectious 

microorganisms fe.g bacteria, funcr proiists and veasn and viruses DNA scaucnccs car. 
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even serve as a fingerprint for detection of Hifr 

^ompson. «. and M. W. Thomp" „ eTo '"'""^ W " h " 1 *' — 
Philadelphia. Pa 0986). ' ^ """-1 m Mrrli r itu . W. B . Saunders Co.. 

3 Several methods for ddecirae DNa a,. ,.„„ , u 

nucle.c add sequences can be idenuficd bv 1° „ . ' l"™"* ^ ^ «ampl e . 
-d fragment WIh a ^ ^ ' « *. W of an amphfied nucle, 

which ,s complementary to the sequence 0 « * . probc . 

<« accomplished if the nucletc acid fragment js ,2"" lde " Unca " on - h °»~«- «n onlv 

■o ^ (32 p. Msx fluoresceni o,x ™:,r H :r ,,v 7 porar ^ 

h^ardo^ and the signal they produce decav over^e „ " ^'^'^ hb * «" <* 
fluorescent, suffer from a lack of sensitivirv LdTT , N °' WSO, °'" c <e* 

are being used. Adding.,,.. * ^ of *< "P* Wen high imensir, 
Section are laborious. ^^^ZT^ - ■ 

'5 particularly error-prone. sjnce me ■»»*«•»• Electrophoresis is 

directly corrected to the mobtlity .„ the ZZSTjT T *" — « * 

-ondary structures and interaction ^ gcl j£ t^r:'* 

20 molecules by ion^te ZL^ZZZ^Z' T 

Under the influence of combinations of el^c 1 8 m T *" "'■'«-*»• 

depending on their indiWdl ^ ^ «* - 
with low molecular weighs mass spectrom^ k , W ' "* ^ of ««"=ules 

organic repertoire for a^s^nV^^ '° n8 ° f «* 

« of me mass of me parent -^tr^^ 0 ."*"* 

molecular ion with other panicles (e . arranging collisions of this parent 

forming secondary ions bv me t^edTol^' '°° " 

fragments, panem/pathwav diSSOC ' aIi °" ' C ' D, • 1V 

information. Manv app„ca„o„s ofm ^ " ** dmVi " ,0n ° f dc,a " ed 

> particular,- ,„ b.oscences and d H SP ; C,r0n * mc ~ « ^ in me an. 

"Mass Spectrometry - ,J A McCloske '"T^" '" M " h "^ Fn^mnlnn: . Vol. 

. WCIoskej.ed.tor). 1990. Academic Press. Neu York 

Due '° ,ne a PP are "' analytical advantage, n f m . 
high detection sens,,,,,, accuracv of ma!! ^JZZ ^T"^ 

trucrum Cra0 ' C miereit ,n lne use 01 mas, . , n 

Schrar, -Mass Sp-^^ucSTc« SUmman2,ng '" C ' Udt K » 

ucletc Acd Componenu. Biomedical Applicauons of Mas, 
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Spectrometry" H. 203-287 (1990): and P.F. Cram. "Mass Spectromerric Techniques 
Nucleic Acid Research.'* Mass Wrrr 0me m. R^.jp..., q 505-554 (1 990). 



in 



However, nucleic acids are very polar biopolymers that are verv difficult to 
volatilize. Consequently, mass spectrometnc detection has been limited to low molecular 
weight synthetic oligonucleotides by determining the mass of the parent molecular ion and 
through this, confirming the already known oligonucleotide sequence, or alternative^ 
confirming the known sequence through the generation of secondary ,ons (fragment ions, v,a 
CID m an MS/MS configuration utilizing, in particular, for the .onization and volatilization, 
the method of fast atomic bombardment (FAB mass spectrometry) or plasma desorption (PD 
mass spectrometry). As an example, the application of FAB to the analvsis of protected 
dimeric blocks for chemical synthesis of oligodeoxynucleotides has been described (Kdster et 

°l Biomedical Environmental Mace 

I ■■■■■■ J , 1 I i ill I IV I, 1 /O / jj. 

Two more recent ionization/desorption techniques are electrosprav/ionsprav 
(ES) and matrix-assisted laser desorption/ionization (MALDI). ES mass spectrometrv has 
been introduced by Fenn et al. (J, Phys rhrm- fifi, 4451-59 (1984); PCT Application No. 
WO 90/14148) and current applications are summarized in recent review articles (R.D Smith 

An al, Thrm 62. 882-89 (1990) and B. Ardrey. Electrospray Mass Spectrometry, 
SpccrmynpYFlirnpr ,A, 10-18 (1992)). The molecular weights of a tetradecanucleotide 
(Covey et al. -The Determination of Protein. Oligonucleotide and Peptide Molecular Weights 
by Ionspray Mass Spectrometry.- Raniri rommnnirarion. in m.,, c; rTrrmTnirTr| . ^ 249 _ 25o 
(1988)). and of a 21-mer (Methods in FnTYTTinlogy. 122, "Mass Spectrometrv" (McCloskev 
editor), p. 425. 1990. Academic Press. New York) have been published. As a mass analvzer. 
a quadrupole is most frequently used. The determination of molecular weights in femtomole 
amounts of sample is very accurate due to the presence of multiple ion peaks which all could 
be used for the mass calculation. 

MALDI mass spectrometry, in contrast, can be particularly attractive when a 
ume-of-fiight (TOF) configuration is used as a mass analyzer. The MALDI-TOF mass 
spectrometry has been introduced by Hillenkamp et al. ("Matrix Assisted UV-Laser 
Desorpuon/Ionization: A New Approach to Mass Spectrometry of Large Biomolecules." 
B i o l opirnl M as s SncctrnmrTry (Burlingame and McCloskey. editors). Elsevier Science 
Publishers. Amsterdam, pp. 49-60. 1990.) Since, in most cases no multiple m ni,-,iv :~ 



Although DNA molecules up to a molecular weight of 4 10.000 daltons have 
been desorbed and volatilized ^Williams c a! "'.' ^2i:!iz2!:or Hie* Moic 
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1989), lechnique ^ so far Qnly shown ^ (oligothvmidvlic ' 

to 1 8 nucleotides. Huth-Fehre ei a! Ranirf "lymiaync acids up 

(1992). DNA fragments up to 500 nucleotides ,n length K. Tang ei aL R^ ^ 

Comm.m,rminm in Ml ~ w a. 727-730 ( ,994): and a double-stranded dna of 

-8 base pairs W.hams „ «,. "Time-of-Flight Mass Spectrometrv of Nucleic Acid. Til 
Ablauon and Ionization from a Frozen Aqueous Matnx - Ranid c«mm ' 

10 acid f» JaPanCSC ?atCnt 1 3 1 9W dCSCribeS » -hich detects nuclei 

ac^fragments separated either by electrophoresis, liquid chromatographv or WghteT! 
filt^o. Mass spectrometric detection is achieved by incorporating th 
atoms which normally do not occur in DNA «„* « c n. , - . 

^ w . , Wl /\u. n. us. He. 

15 Summary of ih,- lnv. nl j nn 

P-ucuJar nucle"" T"' inVenti ° n Pn>Vi<ieS " I"""-* P-«s« for deleting , 
J~ «- -I"— - • biologic^ sa^e. r>pc„ ding on ^.J^ 

° r , Chr0mOSOn ^ " predispositjc ,o a disease „ r coLcnTc V 

ixss: prov,d * retoe ro 



25 



sequence t« h ,! ^ bo ^ aatt - 3 nucleic molecule containing the nucleic acid 
-quence to be detected O.e. the target) is initially immobilized to a so.id support 
Immobilization can be accomplished, for example, based on hybridization between a portion 
of the target nucle.c acd molecule, which is d.st.nct from the target detection site and a 
capture nuc etc acd mo.ecule. which has been previously immobilized to a solid support 

Tc dZ i ' Tf Ul2atl0n ^ ^ 3CCOmpllShed ^ d «™ bonding of the target nuc.e.c 

acd molecule and the solid support. Preferably, there ,s a spacer (e.g. a nucleic acd 

mo iec U le) berwce me ^ nuc]eic ^ ^ ^ ^ ^ ^ ^ 

molecule (e.g. an oligonucleotide or oligonucleotide mimet.c,. which is complements to 
the target detection site can then be contacted w,th the target detection she and formanon of a 

■~ ^ ' - ~ * ~- — ■■- ■ ■ j 1 ^ — d 1; 1 icu pn or ; . 

ZT° V ' T " UC,CJC 3CIG m ° jCCU,Ci> ^ Cond,t,oncd - ln * norther preferred embodiment. 
^ targe, detection sequences are arranged ,n a f orm a. that allows mu.t.ple Simultaneous 
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detections (multiplexing), as well as parallel processing using oligonucleotide arrays ("DNa 
chips"). 

In a second embodiment, immobilization of the target nucleic acid molecule is 
an optional rather than a required step. Instead, once a nucleic acid molecule has been obtain 
from a biological sample, the target detection sequence is amplified and directlv detected bv 
mass spectrometry. In preferred embodiments, the target detection site and/or the detector 
oligonucleotides are conditioned prior to mass spectrometry detection. In another preferred 
embodiment, the amplified target detection sites are arranged in a format that allows multiple 
simultaneous detections (multiplexing), as well as parallel processing using oligonucleotide 
arrays ("DNA chips"). 

In a third embodiment, nucleic acid molecules which have been replicated 
from a nucleic acid molecule obtained from a biological sample can be specifically digested 
using one or more nucleases (using deoxyribonucleases for DNA or ribonucleases for RNA) 
and the fragments captured on a solid support carrying the corresponding complementary 
sequences. Hybridization events and the actual molecular weights of the captured target 
sequences provide information on whether and where mutations in the gene are present. The 
array can be analyzed spot by spot using mass spectrometry. DNA can be similarly digested 
using a cocktail of nucleases including restriction endonucleases. In a preferred embodiment, 
the nucleic acid fragments are conditioned prior to mass spectrometric detection. 

In a fourth embodiment, at least one primer with 3' terminal base 
complementarity to an allele (mutant or normal) is hybridized with a target nucleic acid 
molecule, which contains the allele. An appropriate polymerase and a complete set of 
nucleoside triphosphates or only one of the nucleoside triphosphates are used in separate 
reactions to furnish a distinct extension of the primer. Only if the primer is appropriately 
annealed (i.e. no 3* mismatch) and if the correct (i.e. complementary) nucleotide is added, 
will the primer be extended. Products can be resolved by molecular weight shifts as 
determined by mass spectrometry. 

In a fifth embodiment, a nucleic acid molecule containing the nucleic acid 
sequence to be detected (i.e. the target) is initially immobilized to a solid support. 
Immobilization can be accomplished, for example, based on hybridization between a portion 

~~ — "imootuzcu .v. - iou^. iuppoi . 

Alternatively immobilization coil accomplished by direct bonding ot the target nucleic 
acid molecule and the solid support. Preferably, there is a spacer (e.g. a nucleic acid 
molecule) between the target nucleic acid molecule and the support A nucleic acid molecule 



WO 96/29431 

PCT/US96/03651 

-6- 

^ lisM »P ien »«^ to a portion ofthc target detection *. 

of a mutanon 1S hybndized wilh the *" ei y 5' of the SI 

compiete set of dideoxynucleoside, or tJo^Z^JTT ' ^ ° U 

In a sixth embodiment, a tareet nud^ ~a l. ■ 
complementary oligonucleotides .ha. hvbnd" " h " 3 
•0 «™ M. The heterodup** is mCT co „t™ ^ ^ « *- inCudes . 

- -Mridb* pon,o„ ,c.g. . single stiand splfi e l T «™< " 

"dicating d* of , m ^01,3 ^. , " *" * 

two cleavage p^cts can - ** Cl<!aVa *< ° f "»« add. The 

—""■«»■ oy mass spectrometry. 

toaseventh «n>bodiiiKni. which is based „,* , 
target nucleic acid is hvbridized with a set of r ***' CMn nacIi °° fLCR >- * 

so that the ligase educ B become cov„ CTt)y t^^T^ ' DN * 
Tic ligation product can then be detected bv m, " g " lisation product 

value. If laaUm ^ rfomed " ™ ^"»">«ry and compared to a known 

*° amplified to bener fccUirate de^oTof^.T"' ° bBi,Kd «* * 

between wildrype ^ _ ZZZTZT" * * ^ m " 1 " C "* "«*» 
Point mutation. g "°" P""" M «"«• * the detection of a 

» --=-^rnrml^~a^~ 

consols ,„ prevent faUe negative or positive res u B ^ ' """^ ^ rig ° r ° US 

electrophomic steps: labeline and suh«„, - Presses of the invention avoid 

tne entire procedure. ^^^T^ °" ^ ^ " " *"" n ~ d 
-ou.res onlv abou, 2-3 hours time tLT^ ! ^'"^"O"- *"« »P« analysts 
'0 are faster and less expensive to perform '™ °' ~ 

because ,he instan, disclosed processes allow the ciel acdT" 0 " " ^ U ° n - 
«=.=ced a, the same time by the, specific molecuta wlh ' , ! '° * "* 

standard,, the disclosed processes are also n,„,h ""ambiguous physical 

available procedures ">«•> more accurate and reliable than current* 



FIGURE I A is a diagram show,„ s a process for oerfo™ 
spectrometnc analysis on one targe, detection s.t". , TDS pe f nnu * ">a" 
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acid molecule (T). which has been obtained from a biological sample. A specific capture 
sequence (C) is attached to a solid support (SS) via a spacer (S). The capture sequence is 
chosen to specifically hybridize with a complementary sequence on the target nucleic acid 
molecule (T). known as the target capture site (TCS). The spacer (S) facilitates unhindered 
hybridization. A detector nucleic acid sequence (D). which is complements to the TDS is 
then contacted with the TDS. Hybridization between D and the TDS can be detected bv mass 
spectrometry. 

FIGURE IB is a diagram showing a process for performing mass 
spectrometric analysis on at least one target detection site (here TDS 1 and TDS 2) via direct 
linkage to a solid support. The target sequence (T) containing the target detection site (TDS 
I and TDS 2) is immobilized to a solid support Via the formation of a reversible or 
irreversible bond formed between an appropriate functionality (U) on the target nucleic acid 
molecule fT) and an appropriate functionality (L> on the solid support. Detector nucleic acid 
sequences (here Dl and D2). which are complementary to a target detection site (TDS 1 or 
TDS 2) are then contacted with the TDS. Hybridization between TDS 1 and D I and/or TDS 
2 and D2 can be detected and distinguished based on molecular weight differences. 

FIGURE 1C is a diagram showing a process for detecting a wild type (Dwt) 
and/ or a mutant (Dmut) sequence in a target (T) nucleic acid molecule. As in Figure 1A. a 
specific capture sequence (C) is attached to a solid support (SS) via a spacer (S). In addition, 
the capture sequence is chosen to specifically interact with a complementary sequence on the 
target sequence (T), the target capure site (TCS) to be detected through hybridization. 
However, if the target detection site (TDS) includes a mutation. X. which changes the 
molecular weight, mutated target detection sites can be distinguished from wild type by mass 
spectrometry. Preferably, the detector nucleic acid molecule (D) is designed so that the 
mutation is in the middle of the molecule and therefore would not lead to a stable hybrid if 
the wildtype detector oligonucleotide (Dwt) is contacted with the target detector sequence, 
e.g. as a control. The mutation can also be detected if the mutated detector oligonucleotide 
(Dmut) with the matching base at the mutated position is used for hybridization. If a nucleic 
acid molecule obtained from a biological sample is heterozygous for the particular sequence 
(i.e. contain both Dwt and Dmut). both Dwt and Dmut Wl ,| be bound to the appropriate strand 
and the mass difference allows both D v and Dmut to be detected simultaneously. 

FIGURE 2 is a diagram showing a process in which several mutations are 
simultaneously detected on one target sequence bv employing corresponding detector 

nt - : <~£z iruii ^imuiiancou^ detection i multiplexing ) is 

>Mbie. This can be achieved either by the sequence itself (composition or length) or by the 
ntroducuon of mass-modifying functionalities M I - M3 into the detector oligonucleotide. 
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sequences which are postuon-sr^ificjw t ^ " ^ differem Specific «P«« 

if**™ ^ ^ r^l^ZT 6 " 2 ,e ' 8 ' * < hip 

by employing appropriately mass differentiated d«. Detection ts achieved 

mass differenttated either by W "o r b " 0 " 8 ;" Ud «"" 1 « D ' " °n. whtch « 

quences or bv mass modtrying functionalities Ml - Mn. 

FIGURE 4 is a diaeram showing » f 

"Pture site (TCS, is incorporated into the ZZ ' * —« 
one strand is c^njred. the oUter is removed ,e g bid"" T* "* "V*****- <**■ 
streptavidin co«ed magnetic beads) If ^ h *" * 0 " "* ""'"action between biotin and 
bem.™,...^.. ~7 . ,fmeb 'ot.n » attached to primer 1 the o,h„. -__ 

a specific detector oligonucleotide D with .h, " ****** *™ Sh '""action of 
mass spectrometry. corresponding urge, detection stte TDS via 

<"*» p^ J^£^££X" amP ' if ' MUO " ( "~ «*" ««■ —ion 
C" be achieved by the mass modirVin* funcd 0 , ^metry. Mass diff<rrenaauon 

« «P"*v„y, Detection by^Z^ot ^ ^ 
without employing unmobilization „d Ctpn2„ 
- be permed in panUle, by providing 0^1 f ^ MUltiP ' e LCR "- ,fa " 
format al,ows separation of me ligation """"^V «* This 

-P-ometry o, rn.Up.exmg if mL diC^s * mass 

acd molecule. 1^^^^ ^T^T" SPeCm,me,riC -** ° f a 
sequence „ captured via ,ts TCS sequence so uT M an,P " fiM "° n «NA 
can be detected as above bv employ!" >Pe *" d mUa " d to °" 

FIGURE Vb mP !° Vmg a PP">P"a.e detector oligonucleotides (D). 

-—esoit^r^^ 

oligonucleotides Ml-Dl and M2-D:. ° US faSh '° n us '"8 "iass-modified detector 

FIGURE 6C is a diagram of a diffrr».r,r ^ i , 
ot'specfic mut^ns bv emplovingLs, 1^^"™ P * *" 



" '™'" ,L!eo,,ot 'nonospnates can oc m „,„.,„ .. 
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FIGURE 7A is a diagram showing a process for performing mass 
spectrometric analysis on one target detection site (TDS) comamed within a target nucleic 
acid molecule (T). which has been obtained from a biological sample. A specific capture 
sequence (C) is attached to a solid support (SS) via a spacer (S). The capture sequence is 
chosen to specifically hybridize with a complementary sequence on T known as the target 
capture site (TCS). A nucleic acid molecule that is complementary to a portion of the TDS 
hybridized to the TDS 5' of the site of a mutation (X) within the TDS. The addition of a 
complete set of dideoxynucleosides or j'-deoxynucleoside triphosphates (e.g. pppAdd. 
pppTdd. pppCdd and pppGdd) and a DNA dependent DNA polymerase allows for the 
addition only of the one dideoxynucleoside or S'-deoxynucleoside triphosphate that is 
complementary to X. 

FIGURE 7B is a diagram showing a process for performing mass 
spectrometric analysis to determine the presence of a mutation at a potential mutation sue 
(M) within a nucleic acid molecule. This format allows for simultaneous analysis of both 
alleles (A) and (B) of a double stranded target nucleic acid molecule, so that a diagnosis of 
homozygous normal, homozygous mutant or heterozygous can be provided. Allele A and B 
are each hybridized with complementary oligonucleotides ((C) and (D) respectively), that 
hybridize to A and B within a region that includes M. Each heteroduplex is then contacted 
with a single strand specific endonuclease. so that a mismatch at M, indicating the presence 
of a mutation, results in the cleavage of (C) and/or (D). which can then be detected by mass 
spectrometry. 



FIGURE 8 is a diagram showing how both strands of a target DNA can be 
prepared for detection using transcription vectors having two different promoters at opposite 
locations (e.g. the SP6 and the T7 promoter). This format is particularly useful for detecting 
heterozygous target detection sites (TDS). Employing the SP6 or the T7 RNA polymerase 
both strands could be transcribed separately or simultaneously. Both RNAs can be 
specifically captured and simultaneously detected using appropriately mass-differentiated 
detector oligonucleotides. This can be accomplished either directly , n solution or by parallel 
processing of many target sequences on an ordered array of specifically immobilized 
capturing sequences. 

FIGURE 9 is a diagram showing how RNA prepared as described in Figures 
6. 7 and 8 can be specifically digested using one or more ribonucleases and the fragments 

— ....~....u..v,,, "„ t u,w wucic mutation** in inc gene arc present. 1 fie arrav car, 
be analyzed spot by spot using mass spectrometry. DNA can be similarly digested using a 
cocktail of nucleases including restriction endonucleases. Mutations can be detected bv 
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» fcUowh* E-o^L^ ~ ~ ^ . - ~™ <<-"*- * *e 

efficiency of de.ec.on sugeesl .na^Z ** hybridiMd 40m « ^ 

can also be 

> «~* ^^ 0 it;:^Tr 8 &om exp - rimem d ™ - - 

. W bv eiectrosprav .ass U« tf, ^ ^ "'fr™"" ° f " 

-phasic (midland peaiTresX J! ,7 "° P '' "** reSU "' nS *" ,8 """ 

P"*s resulting from 1 9-mer emphasized (botlom ) 

Fibrosis ^n^JZ^lT^Tr " ^ - 

nomo^ous " ° f ° NA »f ■ -"08 

"e.e TO s mJir " S ™ ° f DN * —on produc, of a AF508 

Homozygous noIT^ ^ " " maSS SP5CTOm ° f DNA ™ P"*™ -F508 



FIGURE 18 is a mass spectrum of rh<- hm a 
heterozygous mutant A CXtenS, ° n pr ° ducI of a ^ 50 * 
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FIGURE 19 is a graphic representation of various processes for performing 
apoiipoprotein E genotyping. 

FIGURE 20 shows the nucleic acid sequence of normal apoiipoprotein E 
(encoded by the E3 allele) and other isotypes encoded by the E2 and E4 alleles. 

FIGURE 2 1 A shows a composite restriction partem for various genorvpes of 
apoiipoprotein E. 

FIGURE 2 1 B shows the restriction partem obtained in a 3.5% MetPhor 
Agarose Gel for various genotypes of apoiipoprotein E. ' 

FIGURE 2 1 C shows the restriction pattern obtained in a 1 2% pol vacrvlamide 
gel for various genotypes of apoiipoprotein E. 

FIGURE 22A is a chart showing the molecular weights of the 9 1 83 72. 48 
and 35 base pair fragments obtained by restriction enzyme cleavage of the E2. E3 and E4 
alleles of apoiipoprotein E. 

FIGURE 22B is the mass spectra of the restriction product of a homozygous 
E4 apoiipoprotein E genotype. 

FIGURE 23A is the mass spectra of the restriction product of a homozygous 
E3 apoiipoprotein E genotype. 

FIGURE 23B is the mass spectra of the restriction product of a E3/E4 
apoiipoprotein E genotype. 



FIGURE 24 is an autoradiograph of a 7.5V, polyacrvlamide gel in which 1 0% 
OuOofeachPCR was loaded. Sample M: pBR322 Alul digested; sample 1 • HBV positive 
in serological analysis: samdeJI: also HBV posit.ve: samnl, v without serological analvsis 
but with an increased level of transaminases, indicating liver disease: sample 4 - HBV 
30 negative: s a mple v HBV positive by serological analysis: samm. HBV negative (-) 
negative control: <+) positive control). Staining was done with ethidium bromide 

FIGURE 25 A is a mass spectrum of sample 1. which is HBV positive. The 
signal at 20754 Da represents the HBV related PCR product (67 nucleotides, calculated mass 

- IGUPv^E 25B is a mail ipcctrum ol sample _>. which is HBV negative 
correspondmg to PCR. serological and dot blot based assays The PCR product is generated 
only , n trace amounts. Nevertheless it is unambiguous! y detected at 2075! Da (calculated 
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FIGURE 26 shows a pan of the r „,, ■ , , 
complement oligonucleotides used ,„ lh e «„„ t ^ b,ndms S,MS "I* 

sequence* displayed. Them U un,co„^ ' 0 nrCaCt '° n(LCR) H « ^"pe 
oHigationrboM,. ThemuuuonisacTrZ UU " 0na,bP also the £ 

n B. respectively). 

FIGURE ^7 is a 7 5V j 
chain length standard ™ . "f° > | ac '> lan,id = <5d aatned with ethidium bromide M- 

PnXuc, hp, was only generate* , £ £ ^ "* WUh ° U ' ^ ne ' i*L 

■te pom.™ reacttve containing wildtype template. 

FIGURE 2, .s an WLC enromatogram of two poo.ed positive LCR, 

FIGURE 29 shows an HPLC eh™ 
0 template were used. The small stgnal 0 f d,e "* »« conditions bu, mutan, 

«^on of the educts or to a 1^, a ,0 | I'o ^ " *** 
significantly lower than the signal of Ii M ,,o„ „ 7 ""^^ Th<! faJ " signal is 

Rf» 2*. Tne analysis of Kgation J^Te^oT T '^'^ * 

oligonucleotides are 5'- phosphoryhtted ' ""^ ,w ° ° f *• 

analysis ofP/Jm^^ 1'^^"^ """"" "^"^ " y ^DI-TOF-MS 

~d LCR ,s show!. £ Z -Z 7 6 "o ' ^ D «-™««<™> of an 

1'gase. S ' gnal 67i69 Da Probably represents the Pf u DN A 

FIGURE 3 1 shows a MALDI top o 
The signal a, 7523 Da represents „„, . , ^'"^ °' ' W ° P 00 '^ P° SI "«= LCRs (a, 
" •*«. Da represents ^ ^ C '7"'^ ? " ' ^ *« »- 

- (M^- sign* of o„go A ' 545 ° Da '' **»' « ™ D » " 

* 1*1 . . . * 

.itznai a , • - • - ^ooieu negative ^Ri (rmitam t "" 

? ! at Da rcprcsents ohgo A (caJculated . h-« • - snown , ne 

control reaction, ,wuh salmon sperm DNA as ternm" \ * ° f ™° 

range around 2000 Da are due toTe^n P ^ " d,SP ' aVed The *c mass 
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FIGURE 32 shows a spectrum obtained from rwo pooled LCRs m which onJv 
salmon sperm DNA was used as a negative control, only oligo A could be detected as 
expected. 

FIGURE 33 shows a spectrum of rwo pooled positive LCRs (a) The 
purification was done with a combination of ultrafiltration and streptav,d,n DvnaBeads as 

m ^ C lCXt ' ^ S,gnal ^ ' 5448 03 rCpreSentS ** H ^° n P roduct calculated 
15450 Da). The signal at 7527 represents oligo A (calculated: 7521 Da). The signals at 376 1 
Da is the fM+2H]2+ $Igna j of oligo A. whereas the signal at 5 .40 Da is the fM*3H]2- Slgnal 
of the hgation product. In b a spectrum of two pooled negative LCRs (without template) is 
shown. The signal at 7514 Da represents oligo A (calculated: 7521 Da). 



^4 is a schematic presentation of the oligo base extension of the 
mutation detection primer b using ddTTP (A) or ddCTP (B) m the reaction mix. respecuvelv 
The theoretical mass calculation is given in parenthesis. The sequence shown is part of the' 
exon 10 of the CFTR gene that bears the most common cystic fibrosis mutation AF508 and 
more rare mutations AI507 as well as ilc506Scr. 

FIGURE 35 is a MALDI-TOF-MS spectra recorded directly from precipitated 
ohgobase extended primers for mutation detection. The spectra on the top of each panel 
(ddTTP or ddCTP. respectively) show the annealed primer (CF508) without further extension 
reaction. The template of diagnosis is pointed out below each spectra and the 
observed/expected molecular mass are wrirten in parenthesis. 

FIGURE 36 shows the portion of the sequence of pREcl DNA. which was 
used as template for PGR amplification of unmodified and 7-deazapunne contains 99-mer 
and 200-mer nucleic acids as well as the sequences of the 1 9-pnmcrs and the two 1 8- mer 
reverse primers. 

FIGURE 37 shows the portion of the nucleotide sequence of Ml 3mp 18 RFI 
DNA. which was used for PCR amplification of unmodified and 7-deazapunne contain.n G 
103-mer nucleic acids. Also shown are nucleotide sequences of the 1 7-mer primers used "in 
the PCR. 



oou^ puntiea ana concentrated ror MALDI-TQF MS analysis. M chain .cmrtn marker, 
lane 1 7-dcazaounne containing 99-mer PCR product, lane 2: unmodified 99-mer. lane 3: 
7-<ieazapurine containing 103-mer and lane 4: unmodified 103-mer PCR product 
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FIGURE 39: an autoradiogram of poiyacrvlam.de gci electrophoresis of PCR 
reactions earned out with 5 , -P 2 Pl-labeIerf nnm^ , , * , K OI rLK 

rj iaoclcd Primers 1 and 4 Lanes I and 2" unrnodi fVH - 

-d«p™. «T- >03— PCR produc, ,533: , and 23520 lan ~T ' 

- ^fi* and 7-deazapunne modif.ed 200™ (7, ,23 and 39582 coums, and lanes 5 and 
6: "->^»d^eazapunnc m odif,cd99- m „ (I 732,6a„d^00c tl u„ t s, 

«d . , 40 3 ' MALD '- TOF "f the modified ,03. ra e r PCR 

Produce ,sun, of nvelve single she, sp ec m , The m ean va,ue of .he .as.es caicula^ l,L 
'0 ~os,n 6 ies nm ds ( 3 1 76 8 ua„d3l759„, i s3,763 u . Mass resolution: 18. b) MALDI-TOF^ 
■aass s™ of 7-d„p™. confining ,03™ PCR produc, (s™ of <L ™ 
spectra). The mean value of the masses <• .u g 

317]9u)is317^.. m ^^ S ^ Medfor ^ etwosin g le «rands(3I727 uand 

j i f j v u)is j j 72j u. Mass resolution: 67 

nrodu.,, " GUR£4,; a) MALDI-TOF mass spectrum of the unmodified 99-mer PCR 
product (sum of twenty single shot spectra,. Values of the masses calculated for the two 

col 6 ^ V U ** 30794 b> MALDI - T ° F ~ *™ o^e 7-deaIpL nc 
con^nmg 99-mer PCR product (sum of twelve single shot spectra). Values of the maTs 
calculated for the two single strands: 30224 u and 30750 u. 

nr„H , ?,. UR£ 3) MALDI - TOF ™* ^ctrum of the unmodified 200-mer PCR 
product (sum of 30 single shoe spectra). The mean value of the masses calculated for the Zo 
smglestrands(61 87 3 uand6I595 u)is61734t, Mass resolution: 28. b) MALDI-TOF 
mass spectrum of 7-deaza P urine containing 200-mer PCR product (sum of 30 single shot 
spectra, The mean value of the masses calculated for the two smgle strands (6 1 772 u and 
61514 U ) is 61643 u. Mass resolution: 39. 

mo oru FIGUR£ ^ MALD, - TOF ma " spectrum of 7-deazapunne containing 
100-mer PC R product w„h ribomodified pnmers The mean value of the masses calculated 
for Ae two smgle strands (30529 u and 31095 u, ,s 30812 u. b) MALDI-TOF mass spectrum 
of the PCR-product after hydrolytic pnmer-cleavage. The mean value of the masses 
calculated for the two smgle strands (25 1 04 u and 25229 u ) is 25 1 67 u. The mean value of 
trie cleaved pnmers (5437 u and 5918 u) is 5677 u . 



" """" .iic xmpiaicjt^ ,s k . wnjen w.av 

:! ™nob,i,zcatosucpuiv,ainoeaasv, a a3-biounylation. A 1 4-mer pnmer (SEQ. ID NO 14, 
was used in the sequencing 
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FIGURE 45 shows a MALDI-TOF mass spectrum of a solid state sequencing 
of a 78-mcr template (SEQ. ID. No. 15). wh.ch was immobilized to stieptavidin beads via a 
3- b,onnylation. A 1 8-mer primer (SEQ ID No. 1 6) and ddGTP were used tn the sequencing 

FIGURE 46 shows a scheme in which duplex DNA probes with smgle- 
stranded overhang capture specific DNA templates and also serve as pnmers for solid state 
sequencing. 



FIGURE 47A-D shows MALDI-TOF mass spectra obtained from a 5' 
1 0 fluorescent labeled 23-mer (SEQ. ID. No. 1 9) annealed to an 3' biotinvlated 1 8-mer (SEQ 
ID. No. 20). leaving a 5-base overhang, which captured a 15-mer template (SEQ ID No "My 



C 
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FIGURE 48 shows a stacking flurogram of the same Dmducts Stained fr 
die reaction described in FIGURE 35. but run on a conventional DNA sequencer. 

Det a iled DcscrinTTOn of the Invention 

In general, the instant invention provides mass spectrometric processes for 
detecting a particular nucleic acid sequence in a biological sample. As^used herein, the term 
"biological sample" refers to any material obtained from any living source (e.g. human, 
•nimal. plant, bacteria, fungi, protist. virus). For use in the invention, the biological sample 
should contain a nucleic acid molecule. Examples of appropriate biological samples for use 
in the instant invention include: solid materials (e.g tissue, cell pellets, biopsies) and 
biological fluids (e.g. urine, blood, saliva, amniouc fluid, mouth wash). 

Nucleic acid molecules can be isolated from a particular biological sample 
using any of a number of procedures, which are well-known in the art. the particular isolation 
procedure chosen being appropriate for the particular biological sample. For example, freeze- 
thaw and alkaline lysis procedures can be useful for obtaining nucleic acid molecules from 
solid materials: heat and alkaline lysis procedures can be useful for obtaining nucleic acid 
molecules from urine: and proteinase K extraction can be used to obtain nucleic acid from 
blood (Rolff. A et al. PCR: Clinical Diagnostics and Research. Springer ( 1994)). 

To obtain an appropriate quantity of a nucleic acid molecules on which to 

•ioiecmar zoning a Laboratory Man-jai. Cold Spring Karoor Laboratory Press. 1989). 
polymerase chain reaction (PCR) <C.R. Newton and A. Graham. PCR BIOS Publishers. 
1994). ligasc chain reaction (LCR) (Wiedmann. M.. ei. al.. (1994) PCR Methods A pr < v 0 ' 
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Desorption can occur either by the heat created by the laser pulse and/or. depending on L ' bv 
specific absorption of laser energy which is in resonance with the L' chromophore. 

By way of example, the L-L' chernisxry can be of a type of disulfide bond 
(chemically cleavabie. for example, by mercaptoethanol or dithioervthrol). a 
biotin/streptavidin system, a heterobifunctional derivative of a tntvl ether croup (Koster « 
ai. "A Versatile Acid-Labile Linker for Modification of Svnthetic Biomolecules " 
Tetrahedron T mm II. 7095 ( 1 990)) which can be cleaved under mildlv acidic conditions as 
well as under conditions of mass spectrometry, a levuJinyl group cleavabie under almost 
neutral conditions with a hydrazimum/acetate buffer, an arginine-annnine or lvsine-lvsine 
bond cleavabie by an endopeptidase enzyme like trypsin or a pyrophosphate bond cleavabie 
by a pyrophosphatase, or a ribonucleotide bond in between the oligodeoxynucleotide 
sequence, which can be cleaved, for example, by a ribonuclease or alkali. 



The functionalities. L and L.' can also form a charge transfer complex and 
thereby form the temporary L-L' linkage. Since in many cases the "charge-transfer band" can 

be determined by UV/vis spectrometry (see e.g. Qrrmic dm™ Tnm«fcr r bv R. 

Foster. Academic Press. 1 969). the laser energy can be tuned to the corresponding energy of 
the charge-transfer wavelength and. thus, a specific desorption off the solid support can be 
initiated. Those skilled in the an will recognize that several combinations can serve this 
purpose and that the donor functionality can be either on the solid support or coupled to the 
nucleic acid molecule to be detected or vice versa. 

In yet another approach, a reversible L-L' linkage can be generated bv 
homoiytically forming relatively stable radicals. Under the influence of the laser pulse, 
desorption (as discussed above) as well as ionization will take place at the radical position. 
Those skilled in the art will recognize that other organic radicals can be selected and that, m 
relation to the dissociation energies needed to homoiytically cleave the bond between them, a 
corresponding laser wavelength can be selected (see e.g. Reacts vmi^.w bv C. Wentrup. 
30 John Wiley & Sons. 1984). 

An anchoring function L" can also be incorporated into a target capturing 
sequence (TCS) by using appropriate primers during an amplification procedure, such as 
PCR (FIGURE 4). LCR (FIGURE 5) or transcription amplification fFIGURE 6A I 

aca mo.ecu.rs tor ~r.zsr.piz to decrease ir.c iaser energy required for volauzation and/or to 
mmimize fragmentation. Condmoning is preferably performed while a target detection site is 
immobilized. An example of conditioning is modificauon of the phosphodiester backbone of 
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the nucleic acid molecuJe (e.g. cauon exchange), which can be useful for eliminaung peak 
broaderung due to a heterogeneity in the cations bound per nucleotide una. Contacting a 
nucle.c acid molecule with an alkylating agent such as alkvliodide. .odoacetam.de 0 
.odoethanol. or 2.3^poxy- . -propanol. th e monothio phosphodiester bonds of a nucleic acid 
molecule can be transformed into a phosphotnester bond. Likewise, phosphodiester bonds 
may be transformed to uncharged derivat.ves employing tnalkvlsilvl chiondes Funher 
conditioning involves incorporating nucleotides which reduce sensitivity for deputation 
(fragmentation during MS) such as N7- or N9-deazapunne nucleotides, or RNA building 
blocks or usmg oligonucleotide tnesters or incorporating phosphoroth.oatc functions which 
are alkylated or employing oligonucleotide mimetics such as PNA. 

For certain applications, it may be useful to simultaneously detect more than 
one (mutated) loci on a particular captured nucleic acid fragment (on one spot of an array, or 
« may be useful to perform parallel processing by using oligonucleotide or oligonucleotide 
mimetic arrays on various solid supports. "Multiplexing" can be achieved bv several 
different methodologies. For example, several mutations can be simultaneously detected on 
one target sequence by employing corresponding detector (probe) molecules (eg 
oligonucleotides or oligonucleotide mimetics). However, the molecular weight differences 
between the detector oligonucleotides D 1 . D2 and D3 must be large enough so that 
simultaneous detection (multiplexing) is possible. This can be achieved either bv the 
sequence itself (composition or length) or by the introduction of mass-modifVing 
functionalities Ml - M3 into the detector oligonucleotide.(FIGUR£ 2) 

Mass modifying moieties can be attached, for instance, to either the 5'-end of 
the oligonucleotide (M 1 ). to the nucleobase (or bases) ( M 2. M\ to the phosphate backbone 
(M-»). and to the 2'-posit»on of the nucleoside (nucleosides) (M 4 . M*) or/and to the terminal 
-> -position (NP). Examples of mass modifying moieties include . for example, a haloeen an 
azido. or of the type. XR. wherein X is a linking group and R is a mass-modifV.ng 
functionality. The mass-modifying functionality can thus be used to introduce defined mass 
->0 increments into the oligonucleotide molecule. 
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Here the mass-modify,ng moiety. M. can be attached either to the nucleobase. 
M- ( ,n case of the cj-deazanuclcosides also to C-7. M 7 ). to the triphosphate group at the 
alpha phosphate. M^. or to the 2-position of the sugar rinp of the nucleoside .n P hn,ph a - 



' ux i^biuoii oi mc sugar nne in tne nucleoside 

•npnospnaic. M- For ihose sKiiied m the an. a ,s clear that mam combinations can serve the 
purpose of the invention equally well. In the same way. those skilled m the an will recognize 
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that chain-elongating nucleoside tnphosphates can also be mass-modified in a similar fashion 
with numerous variations and combinations in functionality and attachment positions. 

Without limiting the scope of the invention, the mass-modification M can be 
> introduced for X in XR as well as us.ng oligowpolyethylene glvcol derivatives for R The 
mass-modifying increment in this case is 44. ,.e. five different mass-modified species can be 
generated by just changing m from 0 to 4 thus adding mass units of 45 <m=0) 89 (m-1 ) l 3 - 
(m=2). 1 77 (m - 3 , and 221 (m=4) to the nucleic acid molecule (e.g. detector oligonucleotide' 
f D) or the nucleoside triphosphates (FIGURE 6(C)). respectively). The olieo/poivethvlene 
glycols can also be monoalkylated by a lower aJkyl such as methyl, ethvl. propvl isopropvl 
t-butyl and the like. A selection of linking functionalities. X. are also illustrated Other ' " 
chemistries can be used in the mass-modified compounds, as for example, those described 
n^y m Q | iwni , rlrnrif1nnnf1 a nn | npi|p , , Prac ^, Ar _ nrh p Ecks . c . n 
Press. Oxford. 1 99 1 . 

In yet another embodiment, various mass-modifying functionalities. R. other 
than ohgo/polyethylene glycols, can be selected and attached via appropriate linking 
chemistries. X. A simple mass-modi fication can be achieved by substituting H for halogens 
Uke r. CI. Br and/or I. or pseudohalogens such as SCN. NCS. or bv using different alky! aryi 
or aralkyl moieties such as methyl, ethyl, propyl, isopropyl. t-butyl. hexyl. phenyl, substituted 
phenyl, benzyl, or functional groups such as CH->F. CHF-> CF- Si(CH-)~ 
Si(CH 3 )2(C 2 H 5 ). Si(CH 3 XC 2 H 5 )2- Si(C 2 H 5 ) 3 : Yet ano'ther mass-modification can be 
obtamed by attaching homo- or heteropcptides through the nucleic acid molecule (e g 
detector (D)) or nucleoside triphosphates. One example useful in generating mass-modified 
species with a mass increment of 57 is the attachment of oligoglvcines. e.g.. mass- 
modifications of 74 (r -l. m-O). 131 <r=l. m-2). 188 (r-1. m-3). 245 (r-1. m-4) are 
achieved. Simple oligoamides also can be used. e.g.. mass-modifications of 74 (r=l m-0) 
88 (r-2. m-0). 102 (r=3. m-O). 1 16 <r=4. m -0). etc. are obtainable. For those skilled in the 
an. it w.Il be obv lous that there are numerous possibilities in addition to those mentioned 
above 

As used herein, the superscript 0-i designates i - 1 mass differentiated 
nucleotides, primers or tags. In some instances, the superscript 0 can designate an 
unmodified species of a particular reactanL and the superscript i can designate the i-rh ™<c 



^ -e«-r.: inoumcu ueiector oligonucleotides t D 1 

w Hh car. ne liscs 10 aisunguiMi cacn species ot mass modified detector oiigonucieoudes 
(D) from the others by mass spectrometry. 



WO 96/29431 



-20- 



PCT/US96/0365J 



10 



15 



20 



15 



Different mass-modified detector oligonucleotides can be used to 
simultaneously detect all possible variants/mutants s.multaneousiv (FIGURE 6B) 
Alternatively, all four base permutauons at the sue of a mutauon can be detected bv 
designing and positioning a detector oligonucleotide, so that it serves as a pnmer for a 
DNA/RNA polymerase (FIGURE 6C). For examp.e. mass modifications also can be 
incorporated during the amplification process. 

FIGURE 3 shows a different multiplex detection format. in which 
dtfferenuat.cn is accomplished by employing different specific capture sequences which are 
posmon-spectficallv mobilized on a flat surface (e.g. a chip array', ,fl ffcrem " 
sequences Tl - Tn are present, their target capture sites TCS 1 - TCSn will specifically 
uueract with complementary immobilized capture sequences C 1 -Cn. Detection is achieved 
by employing appropriately mass differenced detector oligonucleotides Dl - Dn which are 
mass differentiated either by their sequences or by mass modifying functionalities Ml - Mn. 

assist , ^ SPCCtr ° mCtCr f0rmatS for "* in invention are matrix 

Tr T ^7 T° R ° n (MALDI) - dectros P ra -V (ES). ion cyclotron resonance 

(ICR) andFouner Transform. For ES. the samples, dissolved in water or in a volatile buffer 

,Z ^ C ° nUnUOUS,y ° r Continuously into an atmospheric pressure ionization ' 
interface (API) and then mass analyzed by a quadruple. The generation of multiple ion 
peaks w hich can be obtained using ES mass spectrometry- can increase the accuracv of the 
mass deteniunauon. Even more detailed information on the specific structure can be 
obtained using an MS/MS quadrupole configuration 

In MALDI mass spectrometry, various mass analyzers can be used e g 
magnetic sector/magnetic deflection instruments in single or triple quadrupole mode 
(MS/MS). Fourier transform and time-of-fli g ht (TOF) configurations as is known ,n the an of 
mass spectrometry. For the desorptiorvionization process, numerous matnx/laser 
comb.nat.ons can be used. Ion-trap and reflectron configurations can also be employed 

The mass spectrometry processes described above can be used, for example 
to diagnose any of the more than 3000 genetic diseases curremlv known (e. C hemophilias 
thalassemias. Duchenne Muscular Dystrophy (DMD). Hunnngton's Disease (HD). 
Alzheimer's Disease and Cystic Fibrosis (CD) or to be idennfW 

*~ "•"^'"'Si- - --uviucb a maii spectrometer metnoa tor aeiecum- 

muut,o„ , 508, or the cystic fibros.s transmembrane conductance regulator gene (CFTR). 
which differs by only three base pairs (900 daltons) from the wild type of CFTR gene. As 
described further in Example 3. the detection is based or. . single-tube competing 
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oligonucleotide single base extension (COSBE) reaction using a pair of pnmers with the 3'- 
terminal base complementary to either the normal or mutant allele. Upon hybridization and 
addition of a polymerase and the nucleoside triphosphate one base downstream, only those 
primers properly annealed (i.e.. no 3'-termmal mismatch) are extended: products are resolved 
by molecular weight shifts as determined by matrix assisted laser desorption ionization time- 
of-flight mass spectrometry. For the cystic fibrosis AF508 polymorphism. 28-mer normal' 
(N) and 30-mer 'mutant' (M) primers generate 29- and 3 1-mers for N and M homozygotes. 
respectively, and both for heterozygotes. Since primer and product molecular weights are 
relatively low (<10 kDa) and the mass difference between these are at least that of a single - 
300 Da nucleotide unit, low resolution instrumentation is suitable for such measurements. 

In addition to mutated genes, which result in genetic disease, certain birth 
defects are the result of chromosomal abnormalities such as Trisomy 2 1 (Down's Svndrome.. 
Trisomy 13 (Patau Syndrome), Insomy 18 (Edward's Syndrome). Monosomy X (Turner s 
Svndrome) and other sex chromosome aneuploidies such as FClienfelter*s Syndrome (XXY). 

Further, there is growing evidence that certain DNA sequences may 
predispose an individual to any of a number of diseases such as diabetes, arteriosclerosis, 
obesity, various autoimmune diseases and cancer (e.g. .colorectal, breast, ovarian, lung); 
chromosomal abnormality (either prcnatally or postnatally); or a predisposition to a disease or 
condition (e.g. obesity, artherosclerosis. cancer). Also, the detection of "DNA fingerprints", 
eg. polymorphisms, such as "microsatellite sequences", are useful for determining identity or 
heredity (e.g. paternity or maternity). 

The following Example 4 provides a mass spectometer method for identifying 
any of the three different isoforms of human apolipoprotein E. which are coded by the E2. E3 
and E4 alleles. Here the molecular weights of DNA fragments obtained after restriction with 
appropriate restriction endonucleases can be used to detect the presence of a mutation. 

Depending on the biological sample, the diagnosis for a genetic disease, 
chromosomal aneuploidy or genetic predisposition can be preformed either pre- or post- 
natally. 

Viruses, bacteria, fungi and other infectious organisms contain distinct nucleic 

acid seauence<; which arr diffrrrnt from - ... . 

. mintiLaurji- ;u..:c:^ setjucr.ee:. :.iz: jj" '.rec:: ir- 

<r diagnosing or monitoring infection txampip^ m disease causing v, rases mat micci 
humans and animals and which may be detected by the disclosed processes include: 
Rerroviridae (e.g.. human immunodeficiency viruses, such as HIV-1 (also referred to as 
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n985).w M Hobson.S.«aLCW/. Vol. 40: Pp. 9-17(1985))- HTV "> fz r J 
Sature. Vol. 3^8 Pp 662-669 (\ 987V P „ f SCC ° Uyader ct al - 

Th^ u • 662 ^ 69(,987) - Eur °P can Patent Publ.cat.on No. 0^69 5-0 

Chakraboni « al.. AWe. VoJ. 328. Pp 543-547 , 1 q 8 7^ . c 

* No. 0 655 50„: and oU,er .soiaKs. S uch L P (1 „» APP ' iMU ° n 

viruses, hepauus A virus. (Gust. I D « al , , ' /W " <mr "*" <*<!•• P°'«> 

"ruses, human coxsackie viruses, rhinoviruses echov,r!L r , ' S """" 

cause gasmen*); Tc^r^e ,e , «, ume " T C *"" r "*" <*«- »>*» *- 

n ■ ■_, '"«wie.g.. equine encephalitis viruses, rubella viru^- 

0 fW,^ (e.g.. dengue viruses, encephalitis v.ruses veil™ f 

(eg., coronaviruses); <e g ves, uTaTst C °~^ 

c t ' j 8 "* ves,cu *ar stomatitis viruses, rabies vmi^»- 

A/ovirMfae (e.g., ebola viruses): Paramvxoviridae (e . nara.nfi 

measles virus, resni™- ~, , (C ** P*™* 1 ^ viruses, mumps virus. 

Bun^-M , " vu ^^-^ ow >»^,r,^e (e.g.. influent viruses) 

Bungavtndae (e.g., Hantaan viruses, bunga viruses nhuk™ ■ , 
„ n ,. ,. * viruses, phleboviruses and Nairo viruses)- Amn, 

vindae (hemorrhagic fever viruses); Reov.ndae (e e reoviru^ ^ T 

ZWv,W<fc e . topadnariruiae (Hepatitis B vi J." P T* ^ r0tavirUSes ^ 

v tnepaniis a virus): Parvoviridae (parvoviruses) 

Papovavirtdae (papilloma viruses, polyoma viruses* J, 
u,^^ . . . ^ ' 0,3 v,rus «)« Adenoviridae (most adenoviruses) 

fierpesviridae (herpes s mplex virus (HSV) l 9nf f -> „ viruses;, 

rrN/TVA u . P « «™s IH5 V) l and 2. varicella zoster virus, cytomegalovirus 

(CMV), herpes viruses'): Poxviridae (variola viruses wrrim. ' omegaiovirus 

int*™ ii virus;, tne agents of non-A. non-B hepatitis (class I = 

related viruses, and astro viruses). 

r /^ P,eSOfi ^ li °^ baWriaindudc: ^^^ 

7Z: r 1 ;- M - gordonae) - — 

sZo men 'T UStena m °—^- ^coccus pyogenes (dp A 

-up 7Z' StrePl T CU : T aCUae ' Gr ° UP B S ^™- ^™ ^v-ndans 
group). Streptococcus faeces. S.rep.ococcus o OVts . Streptococcus .anaerobic sps ) 

2ZZT7~ Path ° gCn,C CampVi ° b °«" 'P- ^terococcus s P .. HaemopMus 

\ C ' llUS amrOClS C °^ b ^u m dl pHtHenae. corvnetactenurr, sp 
Erysipelothrtxrhusiopathtae. Clostridium perMn**r, rin^Ln. ■ r. 

'~' ^'onema oamaium ' eoonema venenu, 
■ -epiosptru ana Actinomyces israelii 



WO 96/294J1 




PCT/TJS 96/0365 1 



10 



15 



20 



25 



30 



Examples of infectious fungi include: Cryprococcus neoformans. Histoplasma 
capsular Coccidioides immitis. Btasiomyces dermazmdis .Chlamidia trachomatis 
Candida albicans. Otner infectious organisms (i.e.. prousts) include: Plasmodium 
falciparum and Toxoplasma gondii. 

The following Example 5 provides a nested PCR and mass spectrometer based 
method that was used to detect hepatitis B virus (HBV) DNA in blood samples. Similarly 
othe, ^bome ^viruses (e.g.. HIV-1. HIV-2. hepatitis C virus (HCV, hepatitis A virus 
(HAV) and other hepatitis viruses (e.g.. non-A-non-B hepatitis, hepatitis G. hepatits E) 
cytomegalovirus, and herpes simplex virus (HSV)) can be detected each alone or in 
combination based on the methods described herein. 

Since the sequence of about 16 nucleotides is specific on statistical grounds 
(even for a genome as large as the human genome), relatively short nucleic acid sequences 
canbe used to detect normal and defective genes in higher organisms and to detect infectious 
microorganisms (eg. bactena. fungi. protl sts and yeas:, and vimses. DNA sequences can 
even serve as a fingerprint for detection of different individuals within the same species 
fThompson. J.S. and M.W. Thompson, eds.. ficncita m Mfmrinr. W.B. Saunders Co.. ' 
Philadelphia. PA ( 1 986). 

One process for detecting a wildtype (Dwt) and/ or a mutant (Dmut) sequence 
•n a target CD nucleic acid molecule is shown in Figure 1 C. A specific capture sequence (C) 
•s attached to a solid support (ss) via a spacer (S). In addition, the capture sequence is chosen 
to specifically interact with a complementary sequence on the target sequence (T). the target 
capture s it rrcs) to be detected through hybridization. However, if the target detection site 
fTDS) Includes a muuuion . x . which increases or decreases molecular we . ght mutated 

TDS can be distinguished from wildtype by mass spectrometry. For example, in the case of 
an adenme base (dA) insertion, the difference m molecular weights between D"t and Dmut 
would be about 314 daltons. 

Preferably, the detector nucleic acid (D) is designed such that the mutation 
would be in the middle of the molecule and the flanking regions are short enough so that a 
stable hybnd would not be formed if the w.ldtype detector oligonucleotide ( D wi) is contacled 
with the mutated target detector sequence as a control. The mutation can also be detected if 



::LairiCw :rc:: - - --oiuki^u. bampic is neierorygoub 
for tnr panicular sequence s *.c. contain bom Dwi and Dmutj. both Dwt and Dmut wU | b e 
bound to the appropnate strand and the mass difference allows both Dwi and D mut lo be 
delected simultaneously 
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The process of this invention makes use of the known sen,,™ ;„f 

* r , r u T ^ mutatl0n s „ e , Although new rr„ of 

f speciricauv digested using one or more nucleases and the 

fragments captured on a solid support carrymg the correspond,™ complements nucleic ac ld 

fences provide information on whether and where in a gene a mutation i, present" 

0 ^ A ^ * ClCaVCd ^ " m ° re SpCClfic ^nucleases t ^ 

0 offragments. Comparison of the molecular weights between wildrvpe and rnutT IgmT 
mixtures results in mutation detection. ' fragment 

<h„, ih ^ prSSent iRVemi0n is fimher •""strated by the following examples which 
houid „ot be construed as limiting in any way. The contents of all cued reference 
> (including literature references, issued patents published nar«,r ^ v 

inr ._ at - ol ,. . h«wus. puonshed patent applications (including 

mtemauonal patent application Publication Number WO 94/16101. entitled DNA 
Sequencing by Mass Spectromerr\> bv H Ko«t^ 

p..m J , Koester. and intemauonal patent applicauon 

PubUcauon Number WO 94/21822 entitled -r>M a c , w n 

n , ^ ^ ennued DNA Sequencing by Mass Spectrometry Via 

*V H Koesicr), as ci,«d rtroughou, Ais appUcion « hercbv „ prEislv 
incorporated by reference. * H - 

' / (COntr ° Iled P ° rC ° ,aSS) ^ ^ctionalized with 3^tri«hoxysilyl)- 
cpoxypropan toformOH-groups on the polymer surface A standard oligonucleotide 
synthesis with 1, mg of the OH-CPG on a DNA synthesizer (Milligen. Model 7500) 
em P loy ing P-cyanoethyl-phosphoamidues (Kos.er „ al.. Nucle.c Acids Res.. !2. 4539 
994), and TAC N-protecting groups Foster et al.. Tetrahedron. 12- 362 (1981)) was 
performed to synthes.ze a 3-T 5 -50mer oligonucleotide sequence ,n which 50 nucieot.des are 
complementary, to a "hypothetical" 50mer sequence. T 5 serves as a space, Defection 
with saturated ammoma in methanol at room temperature for 2 hours furnished according to 
the determination of the DMT group CPG wh.ch romair^ ... - 

- ruu; - • reaction volume ii .uu ui ana contains ann U - mm., ror. 
-una ;omer as template, an equimolar amount of oligonucleotide in solution (26merV ^ 
40mer, ,n 20mM Tris-HCI. pH 7.5. 10 mM M g Cl : and 25mM NaCI. The mixture was 
heated for 10' at 65°C and coded to during ? 0- .anneal InE : The o., C onuc!eoude ^ 
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has not been hybridized to the poJymer-bound template were removed by centrifueation and 
three subsequent washing/centrifugation steps with 100 ul each of ice-cold 50mM~ 
ammoniumcitrate. The beads were air-dried and mixed with matrix solution (3- 
hydroxypicolinic acid/ 1 OmM ammonium citrate ,n acetonitnl/water. 1:1). and analyzed bv 
MALDI-TOF mass spectrometry. The results are presented in Figures 1 0 and 1 1 



Example 2 El «™nniv f FS) ricsormion and difT^nn.n^ fff nn , ft m rf m[ ] p 



mcr 



DNA fragments at a concentration of 50 pmole/ul m 2-propanoI/l OmM 
0 ammomumcarbonate ( 1 /9. v/v, were analyzed simultaneously by an elecxrosprav mass 
spectrometer. 
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The successful desorption and differentiation of an 18-merand i9-merbv 
eiectrospray mass spectrometry is shown in FIGURE 12. 

^P' 63 Detection nf Thr rvaic Finrmis Mnminn apsm k.. .; nrlr m m rur . 
extension and analysis hv maf nr.-r^p m ^ <T< ^ TmrTirTr . 

MATERIALS AND METHODS 

PCR Amplification and Strand Immobilization. Amplification was carried out 
with exon 10 specific primers using standard PCR conditions (30 cycles: l'@95-C. V(§.55'C 
2'@72-C): the reverse primer was 5' labelled with biotin and column purified 
(Ohgopurification Cartridge. Cruachem). Alter amplification the PCR products were purified 
by column separation (Qiagen Quickspin) and immobilized on streptavidin coated magnetic 
beads (Dynabeads. Dynal. Norway) according to their standard protocol: DNA was denatured 
using 0. 1 M NaOH and washed with 0. 1 M NaOH. 1 xB+ W buffer and TE buffer to remove the 
non-biotinylated sense strand. 

COSBE Conditions. The beads containing ligated antisense strand were 
resuspended in 18ul of Reacuon m«x 1 (2 ul 10X Taq buffer. 1 uL (1 unit) Taq Polymerase. 2 
uL of 2 mM dGTP. and 13 uL H 2 0) and incubated at 80»C for 5' before the addition of 
Reacuon mix 2 ( 100 ng each of COSBE pnmers). The temperature was reduced to 60°C and 
the mixtures incubated for a 5' annealing/extension period: the beads w Cre then washed ,r 



"■imer ±equer.ce± Ail ywmcrs were synuiesized on a Perseptive Biosystems 
Expedite 8900 DNA Synthesizer using conventional phosphoramidite chemistrv (Sinha et al 
(1984) Nucleic Adds Res / -4539 COSBE pnmers ^both conta.rung ^ intentional 
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mismaich one base before the 3 '-terminus) wtn . ,h„*» a 

« al.. ^ AmJHum Gene , V ^ T^ZT " ' Prc ™" ARMS «"* (F «™ 
from the 5-end of the no™!.- *" eXCePU ° n *" W ° ba " s <— ™„vcd 

J Ex 10 PCR (Forward): 5 -BlO-GCA AGT GAA TCC Tt~ a rrr tv- ~ 

Ex.0 PCR Averse, « TC TGA AGG GTT CAT ATG C (SEoln M^ ^ ' ' 

COSBE 4F508-N 5'-ATC TAT ATT CAT Cat (SEQIDNo.;) 

No. 3, A " A0C AAA C ^ CAC A-3' ( 2 8 . mer , (SE0 ID 

COSBE AF508-M 5-GTA TCT ATA TTr a rr * -r ^ 
' ID No. 4, *-TA TTC ATC ATA GGA AAC ACC ATT-3' (30-mer) (SEQ 

Mohnvcm H^tZ^^ *ads were .suspended in , , L „ 

allowed to air dry. Up to 20 samples were sooL " ere " u " d °" a «»Pl« <arget and 
*e source resion of an -^^K^T^.'" <-> 
MALDI-TOF operated in reflect mode with sTdTo ^ k ^ 2 °°° 
dynode. respectively Theoretie.1 „ °" ^ and ""»o*>n 

«-= coC: ■ : ^tr* ~ rr r c " o,> were ft ™ 

calibration: 1 .08 Da has been suZcT f V CenTOi<is 
proton mass to yieid the „ ^e^ueT " * "» «"*•« 

- 9U8.0 D a.^ V e^r^e3 ^ '"^ 
Crick base parin g a. *. variable ,V> I ^ ~i T™,"* Wa,SO,, - 
pairs with the 3'.,ern,ina, base of N CeTenTJ^,"^ f °^ maK - ^ if V 
if V ™ . l. extended to a 8837 9 Da product fN»l ) Likewise 

» Proper, matched » the M ierm.nus. M ,s extended to a M 77 3 Da M-, produc 



Results 



products Bene'r'reTj 4 ' " T" T mass spectra of COSBE reacon 

CLi - setter results were obtained when prp 
i j ncn Products were purified before rhr 

biotinylaied ami-sense strand was bound 



—a. ro,e ^^Z^ IX t^^u^^^"^ P ^ " 

ror example, it , s ,„volved with cholesterol transport. 
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mctabolism of lipoprotein panicles, immunoregulation and activation of a number of lipolvr 
enzymes. 

There are three common isoforms of human Apo E (coded by E2. E3 and E4 
alleles). The most common is the E3 allele. The E2 allele has been shown to decrease the 
cholesterol level in plasma and therefore may have a protective effect against the 
development of atherosclerosis. Finally, the E4 isoform has been correlated with increased 
levels of cholesterol, conferring predisposition to atherosclerosis. Therefore, the identity of 
the apo E allele of a particular individual is an important determinant of risk for the 
development of cardiovascular disease. 

I 

As shown in Figure 19. a sample of DNA encoding apolipoprotein E can be 
obtained from a subject, amplified (e.g. via PCR); and the PCR product can be digested usin< 
an appropriate enzyme (e.g. Cfol). The restriction digest obtained can then be analyzed by a 
variety of means. As shown in Figure 20. the three iso types of apolipoprotein E (E2. E3 and 
E4 have different nucleic acid sequences and therefore also have distinguishable molecular 
weight values. 

As shown in Figure 21A-C. different Apolipoprotein E genotypes exhibit 
different restriction patterns in a 3.5% MetPhor Agarose Gel or 12% polyacrylamide gel. As 
shown in Figures 22 and 23, the various apolipoprotein E genotypes can also be accurately 
and rapidly determined by mass spectrometry. 

E x a mplr * Detection of henatitis B vim* in vnim ^fnpt ri 

MATERIALS AND METHODS 

Sample preparation 

Phenol/cholofonn extraction of viral DNA and the final ethanol precipitation 
was done according to standard protocols 

First PCR: 

Each reaction was performed with S\x\ of the DNA preparation from serum. 
15 pmol of each primer and 2 units Taq DNA polymerase (Perkin Elmer. W'eiterstadL 

• ~ rcac nor i t ^ ■ 1 1 •' * ^ u n ? r ~ -rx :r - < - . * r rcIac _ - ^ -^..^ 

mM Ins-HC 'L dH :>00 mM Kfl ! - mM McCI^ 0.0!% geiaimc \ w/\ 
Pnmer sequences: 

Primer 1 : 5 f -GCTTTGGGGCATGGACATTGACCCGTATAA - 3 1 ( SEQ ID NO . 5 ) 
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Pnmer 2: J-^WACrACTAATTCCCTGWTecTGSGTCT. 3 ■ , SEQ ID NQ . , , 
Nestfri Pf p 

'A<«o-,DNA polymerase (Stm^l H^ZTf l0OPm °'° fMd '™"-^« 
MM of each dNTPs an, 5 „,0x ^a^^ '"T* °' ^ 
^fNH^SO^OmMMgSO,. iHI*.^ ,0 ° -00 

Germany, wen: used in a final volume 50 ul Th. (Sratagene. Hetdelberg. 

0 thermocycler (OmniGene. M WG-B^e I Z^ITZZ ' 
TO: K-C for , mmute. 60-C for , Lt^d 

Seouence of ougodeoxynucleotides cpurchaTwLC r i m " ,UK '° 

Germany,: IPurenased HPLCpunfied at MWG-Biotech. Ebersberg. 

™ V '3:5'-TTOCCTGA<ITaCAGTATO(r--3. 

HBv 15b , 0:BiollI1 ,, AGCTCTATATCGGGsAGccT _ 3 , ;«q » «o. ;; 

Puriflratinn nf Prp nm^nr,-,. 

For the recording of each spectrum, one PCR «i. i , _r 
above, was used. Purification was done acconZ to ^ * deSCTibed 

done using Utaafree-MC futration J^^gS?*?"*" 
*e Protocol of th. previa with .-olli**.^,!^^ 1CC ° n " n? * 

"reptavidin Dynabeads ( Dynal. Hamburg O^^^ZS""^. ^ 
instructioncr,rth- * ^"inanyj were prepared according to the 

PH~ «M. of B/W puffer (1 ol Tr,,„ C1 . 

temperature. The susp.ns.on was transferred , n a f , ' f""' * '? m ' nU,eS * ambie " t 
was removed with the aid of a Magnet.c^ 1 r n "«*™>™ 
<~, The heads were washed Z ^ I ^ " """^ 
S O „he supernatant was removed each „me * „ s £ MFC, " ~7 > H 
be accomnli^H k» *- g ne MPC) Cleavage from the beads can 

accomplished bv using formam de at Qn°r tu- 

^ and redded ta 4 ^ ^ ^ ~ ^ 
Eschbom. German,, T hl s preparanon was used for MALDI-TOF MS anZs 



, """" -' JU °'- • - Mj-nvaroxvpicoiinic acm ^n°,. 

u mivi ammonium citrate i. This mixture u»c h^.j 
m-oduced ,n,o the mass spectrometer .,„ spectZ r^ " '""^ ^ 

Ftnmgan MAT Vision 2000 (Firman MAI BrtmeTr. POS "' V ' ' 0 " ""^ 3 

if on .via i. oremen. German v). equipped with a reflectrc;. 
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(> keV ,on source 20 keV postaccelerat.on) and a 337 run nitrogen laser. Calibrate was 
done with a mixture of a 40mer and a I OOmer. Each sample was measured with different 
laser energy. In the neganve samples, the PCR product was detected neither with less nor 
with higher laser energies. In the positive samples the PCR product was detected at different 
places of the sample spot and also with varying laser enercies. 
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Result 



A nested PCR system was used for the detection of HBV DNA in blood 
samples employing oligonucleotides complementary to the c region of the HBV eC nome 
(pnmer 1: beginning at map position 1 763. primer 2 beginning at map position 2032 of the 
complementary strand) encoding the HBV core antigen (HBVcAg). DNA was isolated from 
patients serum according to standard protocols. A firsx PCR was performed with the DNA 

D^A^^rK" 5 " 8 3 f,rSt ° f PrimCTS - If HBV ° NA ^ in ** «P«« a 

un a fragment of 269 bp was generated. 

th* PTP *. lD ^ SCC ° nd reaCli0n - PrimCTS Which WCTe c ^P'«nentary to a region within 
the PCR fragment generated in the first PCR were used. If HBV related PCR products were 
p™, the first PCR a DNA fragment of 67 bp was generated" (see Fig. 25A) in this nested 
PCR. The usage of a nested PCR system for detection provides a high sensitive and also 
serves as a specificity control for the external PCR (Rolfs. A. et aL PCR: Clinical 
Diagnostics and Research. Springer. Heidelberg, 1 992). A further advantage is that the 
amount of fragments generated in the second PCR is high enough to ensure an unproblematic 
detection although purification losses can not be avoided. 

The samples were purified using ultrafiltration to remove the primers prior to 
immobilization on streptavidin Dynabeads. Th,s purification was done because the shorter 
pnmer fragments were immobilized in h, g her yield on the beads due to stenc reasons The 
immobilization was done directly on the ultrafiltration membrane to avoid substance losses 
due to unspecific absorption on the membrane. Following immobilization, the beads were 
washed with ammonium citrate to perform cation exchange (Pieles. U. et a/. ( 1 993 ) Nucleic 
Adds Res 21:3191-31 96). The immobilized DNA was cleaved from the beads using -»5% 
ammonia which allows cleavage of DNA from the beads in a very short time, but does not 
result in an introduction of sodium cations 

.:;i.lc- Aii^ uu. . ur analysis were Dertormea witnout 

snowing the results of serolog.cal analysis. Due to the unknown v.rus titer, each sample of 
the first PCR was used undiluted as template and in a 1 : 1 0 dilution, respectively. 
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was positive JZ^TbT^Z « : PalK "' Cta>n,C - W «* 

sample was negat.ve. Nevenheless. there was some evideL 0 f HB V ™ 
» of inures, for MALDI-TOF anlavsis because ,, „ ' TlliS Samplt 

of PCR produce can be detected r <ta even ,o„.,eve, amounts 

0 pau™ who was cured of HbTI" £ "T ^ 4 *» * 

a chronic acuvc HBV infectL ' > and 6 were collected from patients with 

Figure 24 shows the results nf a da/- 1- . . 

PCR product 1S Cearlv revealed tn sam £°, ^ l^T , ^ ^ ™ * 

> generated, i. is indeed HBV negauve accord' 1 "° PCR pro<iuc, was 
posittve controls a« indica^r™^ e t TT ^ ^ - 

"anes 2. 5. t and , if no.wHlu.ed tempUte ^ ^ ""^h 1- ^ *" ^ 

-pUte was used in a 1 : 1 0 dilution. In^leTpCR " 0 ' 

■cmplate was not diluted. The results of pTg^ . ' "* * *• 

su,g,e stranded PCR proL ^^I^J^T " ™* * «~ - 

■he PCR product cleaved from the beads. The h ™" "' 

— .3 Da .coo.,,. As s „o!: * n g £ r D ,;rr ; f ak ^ i obmned 

PCR product. re S ul,,„ g ,„ an unamb.guotttTn *~ 3 hie " am ° Um ° f 

:, the -o F :,:?p C R i rom samp " nurab - 3 as d — - 

fromsamnu u , v g dmth,Ssect,on 15 s'gnificantlv lower than that 

irom sample number 1 Nevertheless fh#. Dr-D ' 

2075 1 Da (calcu.ar.H ™~ "r! P ' $ Cleariy reVCaled w,th a m ^ of 

-« 2iua (calculated 207^,. The mass difference is 1 6 Da 1 0 OH"/ , n, 
in Fie "•sr a« (U.08/o). The spectrum depicted 

«n»-ig. was obtained from sample number 4 which i« hbv 

Fig^4) A r PTOrU , ' Ch ,S HB V ne g at > ve < ^ is also shown in 

* " ' As expected no ^icnai<: ^n-.,-n.,„4... .,. , 

=-~c:c^ ... a4 . no v Dosune samples, out not in tn«- MR\ . - 

wee reproduced ,„ several ^dependent ^n mcm , ' "~ 
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Spectrometry 
MATERIALS AND METHODS 

Ol igodeoxynucleotides 

Except the biotinylated one and all other oligonucleotides were svnthesized m 
a 0.2 M mol scale on a MilliGen 7500 DNA Synthesizer (Millipore. Bedford. MA USA) l L 

I- Pp. 45,9-4577). The ohgodeoxynucieotides were RP-HPLC-purified and deprotected 

ZTc " g l °rT^ d ProtOC ° 1S - ^ bi ° l,ny,ated oIi ^~^«eotide was purchased 
(HPLC-punfied) from Biometra. Gortingen. Germany). 

Sequences and calculated masses of the olieonuH™»iH~ 
^ Oi^odcoxv.uc.co.idcA: 5 ' -P-TTGTGCCACGCGGT^TGGGAATGTA (752 1 DaHSEQ ID No 

Oligod^xynucl.o.id.B: 5 • -p-AGCAACGACT=TTTGCCCGCCAGTTG ,794, D.MSEQ ID 

No. 10) 

OUgodeo« ynucleotide C: -bio-TACATTCCCAACCGCGTGGCACAAC (7960 Da) (SEQ 

20 OUgodeoxynucleoUde D: 5 ■ -p - AACTGGCGGGCAAACAGTOGTTGCT (770, D.HSEQ !D 
No. 12) • 
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5 '-Phosphorylation of oligonucleotides A and D 

This was performed with polynucleotide kinase (Boehringer. Mannheim 
German) according to published procedures, the 5'-phosphorvlated oligonucleotides were 
used unpurified for LCR. 

Ligase chain reaction 

The LCR was performed with Pfu DNA ligase and a ligase chain reacuon kit 
<Stratagenc. Heidelberg. Germany) contaimng two different pBluescript KII phagemids. One 
carrying the wUdtype form of the E.coli lad gene and the other one a mutant of this eene 
with a single point mutation at bp 1 9 1 of the iacl gene. 

The following LCR conditions were used for each reaction 1 00 PP 

ak ^ ii0i ' ^* cacn non-Dnospnorviatca 
ougonuceouae. -J L Pfu DNA wgasc ,n a tinaJ volume of 20 M l buffered bv Pfu DNA lieasr 
reacuon buffer (Stratagene. Heidelberg. Germany,, in a model experiment a chem.cal.v~ 
synthesized ss 50-mer was used ( 1 fmol) as template, in this case ol.go C was alsr ' 
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b^,ed Ail reacons were performed ,n a mermocycler (OmniGene. MWG-Biotech 
Ebercfc^. Gennanv, ««, the f„„ow,„c prognmi: 4 mmuKs , • 

cycles o. 20 seconds 92-C. 40 seconds 60'C. Excep, for HPLC analys.s the bio„„v," ed 
l.gauo„ educ, C was used. .„ a control expenmen, the bioun.vla.ed and no„-bio„nv at* 



TjTT" 7'T 7* ™e reactions were analvzed 

on 7 , /. polyacrylam.de gels. L,ga,,on produc. 1 ,„ lig0 A and B) calculated mass , 5450 
Da. l.gaoon product 2 (oligo C and D) calculated mass: 1 5387 Da. 
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SMART-HPLC 

' (Phar™. F T HPLC " E HPLC) ™ **° mci *< SMART-svstem 

(Pharmana. Fretburg. Germany) using a Pharmacia Mono Q PC 1 6/5 column pi 

buffer AC5 mM Tns-HC. 1 mM EDTA and 0.3 M Nad a, P H g 0 an^tTer B ZeT 
A. but 1 M NaCI). Starting** 10^/„ A for 5 mi„,,.~,,,, n ra.sameas 

Sample preparation for MALDI-TOF-MS 

^r^rt" ^^^ve) were pooled and diluted 1:1 with 2x B/W buffer (10 
-M Tns-Hd. P H 7.,. | mM EDTA. 2 M NaCl). To the samples 5 ul strepuvidin 
DynaBeads (DynaL Hamburg. Germany, were added, the mtxture was allowed to bind with 
gentle shaimg for 1 5 munnes a, ambient temperature. The supernatant was removed using , 
Magnenc Parade CoHecto, MFC. (Dynal. Qmmy) ^ ^ 

nvce w,th 50 ul of 0.7 M ammonium ornate solution (pH g.0) (me supernatant was remove 
each tune usmg me MPC). The beads were suspended in 1 ul of ultrapure wa«er (MilliQ 
M.ll.pore. Bedford. MA. USA). Th,s suspension was directlv used fo, MALD1-TOF-MS 
analysis as described below. 

Comb.nauon of ultrafiltrat.on and strepiavid.n DvnaBeads: For the recording 
of spectrum two LCRs (performed as desenbed above, were pooled, diluted 1 . 1 with 2x B/W 
buffer and concentrated wuh a 5000 NMWL Ultrafree-MC filter unit (Millipore. Eschbom 
Germany, according to the mstrucnons of the manufacturer. After concentration the samples 
were washed w,ch 300 ul Ix B/W buffer to streptavidin DvnaBeads were added The beads 



<in<2 trans re ire d m a * > mi r-nn^nrtArt r, t-i__ 

" -rr— • . „ c supernatant was removed and the beads 

were washed iw.ee w,th 50 ul of 0.7 M ammoruum c.trate ( P H 8.0). Finallv. the beads were 
washed once wi«h30 ul of acetone and resuspended i„ 1 M , of ultrapure water The ligation 



WO 96/29431 PCT/U S96/0365 I 



10 



15 



20 



25 



■jj- 



mixture after immobilization on the beads was used for MALDS-TOF-MS analysis as 
described below. 

MALDI-TOF-MS 

A suspension of srreptavidin-coated magnetic beads with the immobilized 
DNA was pipetted onto the sample holder, then immediately mixed with 0.5 ul matrix 
solution (0.7 M 3-hydroxypicoiinic acid in 50% acetonitrile. 70 mM ammonium citrate). 
™ s mixmre was dned at ambient temperature and introduced into the mass spectrometer. 
All spectra were taken in positive ion mode using a Finnigan MAT Vision 2000 (Finnigan 
MAT. Bremen. Germany), equipped with a reflectron (5 keV ion source. 20 keV 
postacceleration) and a nitrogen laser (337 nm). For the analysis of Pfu DNA ligasc 0.5 ul of 
the solution was mixed on the sample holder with 1 ul of matrix solution and prepared as 
described above. For the analysis of unpurified LCRs 1 ul of an LCR was mixed with 1 ul 
matrix solution. 

RESULTS AND DISCUSSION 

The £. coli lacl gene served as a simple model system to investigate the 
suitability of MALDI-TOF-MS as detection method for products generated in Iigase chain 
reactions. This template system consists of an E.coli lacl wildrype gene in a pBluescript KII 
phagemid and an £. coli lacl gene carrying a single point mutation at bp 1 9 1 (C to T 
transition) in the same phagemid. Four different oligonucleotides were used, which were 
ligated only if the £. coli lacl wildtype gene was present (Figure 26). 



LCR conditions were optimized using Pfu DNA ligase to obtain at least 1 
pmol ligation product in each positive reaction. The ligation reactions were analyzed by 
polyacrylamide gel electrophoresis (PAGE) and HPLC on the SMART system (Figures 27. 
28 and 29). Figure 27 shows a PAGE of a positive LCR with wildtype template (lane 1 ). a 
negative LCR with mutant template ( 1 and 2) and a negative control which contains enzyme. 
30 oligonucleotides and no template. The gel electrophoresis clearly shows that the ligation 

product (50bp) was produced only m the reaction with wildtype template whereas neither the 
template earning the point mutation nor the control reaction with salmon sperm DNA 
generated amplification products. In Figure 28. HPLC was used to analyze two pooled LCRs 
with wildtype template performed under the same conditions. The ligation product was 

' " rlearlv revraled Figurr ">Q <?hnw<; rH~ ™»<;iilTr r , upr *~ >.;... i ■ , u • ,, 

':. : nu tar/, -mrjsair -vert anajvzc_ icsc ::r.romatocrarr" ^njir— >n» -;at-i rr ,^ vl _^. 
; igure _ / ana tne results taJcen together cieariv demnn<^i^ th*r th- ewer-™ r,.~_~._. 

. ^.■v.iuvwj 

ligation products in a significant amount only if the wildtype template is provided. 
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d.gonucleotides (A. B. C. and D , a st^Td^" f ° Ur 

product,. wlldIype <- — as *e 

DNA ligase in ligation buffer a. sonicated salmon sperm DNA and the Pfu 

»d alit.uots of the enzyme stock button (^^^JT^ "* ^ **> 
10 MS. It turned out that approoriaK samol. IJ^ W " h MAL DI-TOF- 

'A DNA ligase. The calculated mass values .foil™ 1 a 7^ F " MS ^™ ° f *• 
- -OOa. respective,, ^Ct:^?"" ^ 

mass Signals which do interfere with theexnecH. , I .-~ ~.uu«i teaoiio 

'5 and before malces an unamh.guo^g^Z^ 5 T°" " 
showed signals of me ^Jt*^^™™'*' t"**™**. d» spectra 

influences the crystallization ba^E^^T" ^ 

oi me analyie/matnx mixture in an unfavorable way 

20 was shown '"""^^^'^^^"dn^cc^adsw^eused As 
was shown „ a recen, paper. the direct desorption of DNA immobilized bv wZ^L 
base pairing to a complementary DNA fragment covalentlv a T ! WMSOn Cnck 
and the non-biotinvlaKd strand wiU be de^Z 1 \ '° 

*= „on-bioti„y,ated C S^Z^T Tf"^ ^ ~- "* 

3 brands are desorbed (T», g , K. et a^'lTc t f DN ^^^^ 
\~>a * 5» 1 1***+) Rapid Comm. Mass Spectrom 7 183-1 8/^ 

™ LCR on,v *• -"^ - • ~ 

Da, J, he" e^lTd J I C ' fr ° m °' ig0 A ^ B ' '*»<> 

produl ' S,mP ' e ^ Unamb ' ?U0US ' d ™ fi — LCR educts a„d 

Figure 3 1 A shows a MALDI-TOP - , . 

LCRs „w a a . . j U1 1 OF 171335 spectrum obtained from two pooled 

-iiin*L, .-.!■;:£.:: -present;: :.n- animate.- 
-rresponas 10 tne ligation proauci couth rv- . """""" 

and!he«n,r,m.m n * a "' c ^ rccmem Derween the calculated 

mo. tne expenmentaily found mass values is remarlcahu ™a n 

rcrnaricable and allows an unambiguous oeak 
assignment and accurate detection of the ligation orodur, r unamoiguous peak 

tne ligation product. In contrast, no ligation product but 
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onJy oligo A could be detected in the spectrum obtained from rwo pooled LCRs with mutated 
template (Figure 3 1 B). The specificity and selectivity of the LCR conditions and the 
sensitivity of the MALDI-TOF detection is further demonstrated when performing the 
ligation reaction in the absence of a specific template. Figure 32 shows a spectrum obtained 
from two pooled LCRs in which only salmon sperm DNA was used as a negative control, 
only oligo A could be detected, as expected. 

While the results shown in Figure 31A can be correlated to lane 1 of the gel in 
Figure 27. the spectrum shown in Figure 3 IB is equivalent to lane 2 in Figure 27. and finally 
aiso the spectrum in Figure 32 corresponds to lane 3 in Figure 27. The results are in 
congruence with the HPLC analysis presented in Figures 28 and 29. While both gel 
electrophoresis (Figure 27) and HPLC (Figures 28 and 29) reveal either an excess or almost 
equal amounts of ligation product over ligation educts. the analysis by MALDI-TOF mass 
spectrometry produces a smaller signal for the ligation product (Figure 3 1 A). 

The lower intensity of the ligation product signal could be due to different 
desorpuon/ ionization efficiencies between 24- and a 50-mer. Since the T m value of a duplex 
with 50 compared to 24 base pairs is significantly higher, more 24-mer could be desorbed. A 
reduction in signal intensity can also result from a higher degree of fragmentation in case of 
the longer oligonucleotides. 

Regardless of the purification with streptavidin DynaBeads. Figure 32 reveals 
traces of Tween20 in the region around 2000 Da. Substances with a viscous consistence, 
negatively influence the process of crystallization and therefore can be detrimental to mass 
spectrometer analysis. Twcen20 and also glycerol which are pan of enzyme storage buffers 
therefore should be removed entirely prior to mass spectrometer analysis. For this reason an 
improved purification procedure which includes an additional ultrafiltration step prior to 
treatment with DynaBeads was investigated. Indeed, this sample purification resulted in a 
significant improvement of MALDI-TOF mass spectrometnc performance. 

Figure 33 shows spectra obtained from two pooled positive (33A) and 
negative (33B) LCRs. respectively. The positive reaction was performed with a chemically 
synthesized, single strand 50mer as template with a sequence equivalent to the ligation 
product of oligo C and D. Oligo C was 5 -biotinylated. Therefore the template was not 

- wouia or acsornec r -nrr t» "nmon:::??; - -»•- -catcc :^ 
venerated DNA rragmeni is reprrsr-ntrd by the mass signal oi 15448 Da in Figure 33A. 
Compared to Figure 32A. this spectrum clearly shows that this method of sample preparation 
produces signals with improved resolution and intensity 
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small de, S , P g ° b3SC CXICnS,0n meth ° d dctCClS P°' nt ™««ons and 

small deletions as well as small .nseruons in ampUfied DNa. The method is based oTL 

-ens.cn of a detects pnmer that anneals adjacent to a vanable nucleo.de po" o on I 
^ap^ ^ tempIaie . ^ a DNA poiymcrasc a mixmre ^™ 

and the missing one didesoxv nucleotide The n«,irin. ■rceames. 

bv MALDF TOC ™. ' 8 PrDduC ' s ^ evaluatt "nd resolved 

fo«^ -Pccrromer^ ftehe, labeUng procedmes. The ata of ,»e 

Pmn,e "' IO dTOnnme ''"" am - relict 



1 5 Description of the experiment 

cxtens.cn „ 11,6 mCth0 ^ ^ 4 SinglC detCCUOn Pnmff f ° ,,0Wed b - v a oligonucleotide 
™n te P to gtve produce diffenng in length by some bases specific for mutant or 

-Idtype alleles wmch can be easily resoived by MALDI-TOF mass spectrometrv. The 

TctlT ^ CX#mPle ^ CXOn 10 ° f *< CFTR -*«- *on ,o of this 

gene bears the most common mutation in many ethnic groups (AF508) that leads in the 
homozygous state to the clinical phenotype of cystic fibrosis. 



20 



MATERIALS AND METHODS 



Genomic DNA 

Genomic DNA were obtained from healthy individuals, individuals 
homozygous or heterozygous for the AF508 mutauon. and one mdividual heterozygous for 
the 1506S mutauon. The wildtype and mutant alleles were confirmed bv standard Sanger 

sequencing. * & 



PCR amplification oj exon JO oj the CFTR gene 

The pnmers for PCR amplification were CFExIO-F (5- 

and CFExlO-R <5-GTGTGAAGGGCGTG. 3 -. (SEQ ID No. 14, locked in toon 10,. 

Pnmers were used in a concentration r^f 9 ^ , , 



^enr'inkie- Mannncir, dnn ■■■■ - ^rainc- 



cacuor: voiumc was :u u,. v ycune conaiuons lor PCR ^ w.. , _ 

followed by , nun. at 94°C. 45 sec « 53°C. and 30 sec at 72-C for 40 cvcles w,th a final 
extension tim eof 5 rmn at 72°C. 
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Purification of the PCR products 

Amplification products were purified by using Qiagens PCR purification kit 
(No. 28 106) according to manufacturer's instructions. The elution of the purified products 
from the column was done in 50 \x\ TE-buffer ( lOmM Tris. I mM EDTA. pH 7.5). 

Ajfinity»capture and denaiuration of the double stranded DNA 
10 *iL aliquots of the purified PCR product were transferred to one well of a 
streptavi din-coated microliter plate fNo. 1 645684 Boehringer-Mannheim or Noo. 95029262 
Labsystems). Subsequently. 10 \i\ incubation buffer (80 mM sodium phosphate. 400 mM 
NaCl. 0.4% Tween20. pH 7.5) and 30 \x\ water were added. After incubation for 1 hour at 
room temperature the wells were washed three times with 200^1 washing buffer (40 mM Tris. 
1 mM EDTA. 50 mM NaCL 0.1% Tween 20. pH8.8). To denaturate the double stranded 
DNA the wells were treated with 100 \x\ of a 50 mM NaOH solution for 3 min. Hence, the 
wells were washed three times with 200 \x\ washing buffer. 

Oligo base extension reaction 

The annealing of 25 pmol detection primer (CF508: 
S'CTATATTCATCATAGGAAACACCA-S* (SEQ ID No. 15) was performed in 50 >il 
annealing buffer (20 mM Tris. 10 mM KC1. 10 mM (Nt^feSO^ 2 mM MgSO, 1% Triton 
X-100. pH 8. 75) at 50°C for 10 min. The wells were washed three times with 200 >ii 
washing buffer and oncein 200 fil TE buffer. The extension reaction was performed by using 
some components of the DNA sequencing kit from USB (No. 70770) and dNTPs or ddNTPs 
from Pharmacia. The total reaction volume was 45 nU consisting of 21 \xl water. 6 ^il 
Sequenase-buffer. 3 yi\ 10 mM DTT solution, 4.5 0.5 mM of three dNTPs, 4.5 jil. 2 mM 
the missing one ddNTP. 5.5 *xl glycerol enzyme diluton buffer. 0.25 *il Sequenase 2.0. and 
0.25 pyrophosphatase. The reaction was pipetted on ice and then incubated for 1 5 min at 
room temperature and for 5 min at 37°C. Hence, the wells were washed three times with 200 
*il washing buffer and once with 60 ^1 of a 70 mM NH 4 -Citrate solution. 

Denaturation and precipitation o f the extended primer 

The extended primer was denatured in 50 ^1 10%-DMSO (dimethylsufoxide) 
in water at 80°C for 10 min. For precipitation. 10 jil NH4-Acetat (pH 6.5). 0.5 jjlI glycogen 
(10 mg/ml water. Sigma No. G1765). and 100 \A absolute ethanol were added to the 
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Sample preparation was performs k, 
'0.7 M 3-h.vdroxypicolintc ac,d. 0 . 07 M ^™£ ^ oftnamx soiuuon 

of upended DNA/glvcogen p.,,., on .IZZZTTT = ' H; ° CH ^> - 
"mples were spotted on a probe ^ T ^ '° *>■ U » » 20 
—difcd Thermo Bioa^lvsts (fo ^v F ^ Z V ^ "™ "*» ° f » 

reflect™ mode with , and 20 kV on a^"*"' MALDNT ° F "~ <" 

TTeoreucal average modular mass (M^c "7™°" 

^ned experimental Mr ^'^^ *» ™,c composmons: 

oetemuned usmg external calibration. ""ely-protonated form. 



RESULTS 



The aim of the eyn^,^ 

independent of exact smngenc eTfoZl ! " 3 *" ^ re " abte — <• 
' > —ghpu, ,n the diagnos.™^ " ^ ~ 

<o«go base extens.on of one mutation detect, „ * ^ ° f DNA fencing 

- resulting miot-seouencing products b !^ """^ eV * 1U " i °" * 

(MALM, mass l^^laT^^?™* """""^ ""i— 
chosen as a poss, We ^^1^ l ^ « — ~ 

*> «™s performed with exon 10 of the cm. I™ "* """""^ "» 

various mutations of exon 10 of the CFTR ~ ^ ° tt>K 
Produced using etther ddTTP (Figure 34 A ,"o, T"** Wm 

«oue„ce re,a,ed stop ,„ the nascent DNA strand J*,V, '° " 
muut.cn heterozygous, and mutation ho MALDI-TOF-MS spectra of healthv. 

'0 A„ samples .ere c^ZZZTZT "^"^ " ~ d to " ' 

comparison to the mass spec analvsis The ^^"77 Wh '*' Sh<>Wed "° **™P"cy 
various molecular masses was within a ranee „T , «P«"™=ntal measurement of me 
™ge expected. This , a defmtuve "17 , T ' * »*" ^ d *'°" «»> » - 

advartt.ge of th,s pJ^TZT '""^ ~" ~ " * 

rh^ rjri^r-r- unambiguous derr 



The method described is h.ehiv sunablc for th. h« 

mutauonsormicroie^onsofDNA CarefCi rh °" ° f Smg,C P 01 "' 

^ Careful cho.ee of the rnutauon detecuor. r-m^ , 
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open d> , wtadow of muhiploung and le ad co a high throughpu, including h,gh quaury fa 
geneuc diagnosis without anv need for «r,„ quality in 

!tw ,,, , „ ' neca tor exa « Agencies necessary in comparable allele 
^ procedures. Because of the uniqueness of the genetic information, the 
extension of mutation detection pnmer ,s appli cable In ^ disease or 
region ,n the genome like vanable number of tandem repeats ( VNTR* "J 0 *™^ 
nucieoude polymorphisms <e.g.. apoHpoprote.n E ^cT ^ 

Example 8: Detection of Polymerase Chain Reacuon Products Contaimng 7- 

Deazapunne Moieties with Matrix-Assisted Laser DesorptionVIonizat.on 
Time-of-Fhght (MALDI-TOF) Mass Spectrometry 

MATERIALS AND METHODS 
PCR amplifications 

acenrH" ^ fol,OWin8 0,i 8° deox yn"cleoude primers were either synthesized 

according to standard phosphoamidite chemistrv (Sinha. N D etal (19^^, 
Vol. 24. Pp. 5843-5846: Sinha. N.D etal ngLT, Z o ' ° 9 * 3) Telrahedr °» 

* * 1 y84 ' Nucleic Acids Res Vol 1"> Pn 4«o 
4557) on a MilliGen 7500 DNA synthesizer tumr n ^' 
- i syntnesizer (Millipore. Bedford. MA USA1 in ?nn 

scales or purchased from MWG -Biotech (Ebersbern r I« 

CGoettingen. Germany, primers 6-7). ^' G — ^ 35 ^ Bi ° metra 

primer I S^TCACCCTCGACCTGCAG (SEQ. ID. NO. 1 6) 

Pnmer 2: 5'-TTGTAAAACGACOGCCAGT (SEQ. ID NO 1 7) 

pnmer 3. 5-CTTCCACCGCGATGTTGA (SEQ. ID. NO 18) * 

pnmer 4. 5'-CAGGAAACAGCTATGAC (SEQ. ID. NO 1 9)- ' 

pnmer 5: 5'-GTAAAACGACGGCCAGT (SEQ. ID. NO 20)' 

primer 6 ^GTCACCCTCGACCTGCAgC (g: R iboG) (SE Q. ID. NO. 2 1 ) 

Pnmer 7: y-GTTGTAAAACGAGGGCCAgT (g: RiboG) (SEQ ID. NO. 22); 

the nbo h 7 "" mer ^ 2 °°* mCr ° NA <m ° difled modified) as well as 

UP P . e° d S "rru f,Cd WCrC - P,Mhd fr0m DNA "° •* — v 

^uppuea b. heyerabend. Univcrsirv of Hamburei in inn ..r x 
mmn]/f trt • Dur ? ; m ,w ML reaction volume containine 10 

20 ~ ™ HC <P« - «.n 2 «**L MgSO* 

■ * J n.ormac : ^ . - — ? n n r : ■ ■* rm * 
->NA poivmcra.sr f srnrpo^-n^ u-.^-ii " Xu " ' /u 
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rea£ ,,o„ «, _ . ^ cyclcr (0mniGens Xb^cI 

5 G«many>us 1 ngthecycJe:dcnaiurationat95»rfnr i ,- Cft - tbcrsb «TS. 

««.uiaiiun ai *a i_ f Qr \ mm annealine at si«r i 

a, 72-C to, , min . For all PCRs ^ number lf J^^ ' ™ - 
rcacuon was a„ow ed ,„ „, end for addiuona , ,„ ^ ^ ^ ^ The 

mcr resnectiv*lv c . ' " cu ^ * u c y cles lor «he modified 1 03- 

mcr respectively, the samples were mcubated for additional 10 min. at 72"C. 

Synthesis of S-f^-PJ-iabeled PCR-primers 

Primers 1 and 4 were 5'-f 32 -Pl-lahel(»H • -r. 

(Epicentre Technologies) and (r^PMT? B^SST* T ^ ,ynUCl ~*^ 

to the protocols of the rL^^^'J^^'^ ^ G ™ 
nrim^ i ^r, ' reactlo ns were performed substituting 10% of 

Pnmcr 1 and 4 „ PGR with the labeled primers under otherwise unchanged reaction- 
conditions. The amplified DNAs were senarated hv „i . , ^"on- 
Dolva^i, -a i -rn. ere separated by gel electrophoresis on a 10% 

poiyacrylamide gel. The appropriate bands wen- «^ a 

CARB4«rr« -a - •„ P«aie oanas were excised and counted on a Packard TRJ- 
CAKB 460C liquid scinullauon system (Packard. CT. USA). 

Primer-cUavage from ribo-modified PCR-product 

NMWT , f ^ ' m, f ied ^ PUrifiCd 115108 Ultrafre -^C filter units (30.000 

NMWL). it was then redissolved in ,00 ul of 0.2 mol/L NaOH and heated at 95°C for ^5 

™^ ° and further purified for 

MALDLTOF analysis emp.oy.ng Ultrafree-MC filter unus , 10.000 NMWL ) as described 



Puri fication of PCR products 

NMWT ivr.r '""^ ^ COnccn ™ ed "*ng Ultrafree-MC units 30000 

NMWL (Miihpore. Eschbom. Germany, according to the manufacturer', description 4f^ 
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Aliquots of 0.5 M L of analyse solution and 0.5 of matrix solution (0 7 
mol/L ,-HPA and 0.07 moI/L ammonium citrate in acetonttnleAvater (1:1. v ,v„ wj, mixcd 

Z£ T^T* ^ AftCr * ««„ temperature the sample was 

adduced .mo the mass spectrometer for analysts. The MALDI-TOF mass spectrometer 

Z 3 M ^ ViS, ° n 2000 fFimUgan MAT - B — G ™. Specie 

-corded m the positive ion reflector mode with a 5 keV ion source and VkeV 
« lerau ^ ^ d a ^ r - ^ 

The vacuum of the system was 3-4-10-8 hPa in the analyzer region and l-4., 0 -7 hp a "f^ 
sou.ereg.on. Spectra of modified and unmodified DNA samples were obtained ^ L 
► same relative laser power, external caiibration was performed with a mature oTs^ 
ohgodeoxynucleoudes (7-to50-mer). syntnetic 

RESULTS AND DISCUSSION 

Enzymatic synthesis of 7-Jeazapunne nucleotide containing nucleic 

acids by PCR 

In order to demonstrate the feasibility of MALDI-TOF MS for the rapid, gel- 
free analysis of soon PCR products and to investigate the effect of 7-deazapurine 
nation of nucleic acids under MALDI-TOF conditions, two different primer-tcmplate 

u) ' Sm8le ***** ° fXhC 1 ^ PCR ^ equal masses (Am- 

8 u), the two single strands of the 99-mer differed by 526 u. 

Considering that 7-deaza purine nucleotide building blocks for chemical DNA 
symhests ate approximately 1 60 times more expensive than regular ones (Product 
Information. Glen Research Corporation. Sterling. V A > and their application in standard P - 
cyano-phosphoamidite chemistry is not trivial (Product Information. Glen Research 
Corporation. Sterling. V A ; Schneider . K and B.T. Chan (1995) Nuclei Acds *e,23. .570) 
the cost of 7-deaza punne modified primers would be very high. Therefore, to mcrease the 
applicability and scope of the method, all PCRs were performed using unmodified 
oligonucleotide primers which are routinely available. Substitute dATP and dGTP bv c"- 
dATP and c -dGTP ,n polymerase chain reaction led to products containing approximate 
80/. 7-deaza-purine modified nucleosides for the 99-mer and 103-mer. and about 90% (or the 
-00-mer. respectively. Table I shows the base composition of al! PCR products 
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TABLE I: 

B.« condition of , he „ Ifw jnd ^ pcR MpijficitjM 
(uoo.od.fled and 7-deaz. purine modified) 



PNA-fragmems 1 
200-mers 

modified 200-mcr s 
200-mer a 
modified 200-mcr a 
1 03-mer s 

modified 103-mer s 
1 03-mer a 

modified i 03-mer a 
99-mer s 

modified 99-mer s 
99-mer a 

modified 99-mer a 



£ 
54 
54 
56 
56 
28 
28 
?8 
28 
34 
34 
20 
20 



T 
34 
34 
56 
56 



24 
24 
21 
21 
24 
24 



A 

56 
6 

34 

3 

24 
6 

23 
7 

24 
6 
21 
3 



56 

5 

54 
4 

28 

5 

28 

4 

20 
5 

34 
4 



_f-deaza.A c^deaza-G rci. mnH,^.^ 



50 



31 



18 



51 



50 



16 



18 



24 



15 



-noun, of purine nucleotides. ^ """^ m0dified of 

However, i, remained to be determined whether 80-90% 7-deaza-purine 
Z^Z : SUffiCien ' fM ™ — " was Z£T 

™c arnphficarion step. This was no, trivia, since it tad been shown oTc WTP 
--P. <Uly replace dATP in PCR if ft, DNA polymerase is emploved ( S< *T F InTI 
Roellmg (1992) Nucleic Acids Res '0 55-An c . . ca oeeia. r. and A. 

™i„- i , -0.53-6 1). Fortunately we found that exo(-)/yu DNA 

uthTT T CO, " d aC " P ' CMATP Md <^° TP " *• — « of umnod fid purl 

D^A d ' m h "" d ' Um - bromid ' ! «*» mtercalauon with the sacked bases of the 
DNA-doublestrand Therefore ,ower band intens.t.es in me ethidium-bromide s*med ge, 
m,gh, be amfacs s.„c. the modified DNA-strands do no, necessatilv need to g,ve ,he same 

band inrensitics as the unmodified ones. 



90% 



925, 



79% 



78% 



75% 



~ u^auiogrannngurc -,ciearn snows lower v,,,^ _ 

mod T/ T "T "* COUn " ed F ° r *" PCR ■"*«« v,e,d of u,c 

mod fied nucle.c acds was abou, 50%. refemng ,„ ^ correspondlng 

■" PMCa!;0n Pr ° dUC ' "Penmen,, ^w, S :!u , „ 0( >fl „ rl . #w „ 0 - 3N , 
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polymers were able ,o ^corporate c'-dATP and c'-dGTP during PCR as well T* 
performance, however, .umcd ou, to be bes, fa. , ne no( . )P/u DN * ^ ^ 
s,de products during amplificauon. Using all three nolvL P<"> TO ^ g'«ng leas, 

cmplov,„ g c'-dATP and c'-dGTP .ns^of .h^T P ° ,y ™' " — f °""< *« »h PCRs 
i a Ceaner PCR-product. Decreased ™« ! " '*» g,v jng 

« P Wd bv a reduction of primj rZZ" d U e7 f "* *°*° a ^ * 
formed from the prir^r andl 7-dealTu^! » " " " *" 
during PCR. Dec^ meltjng ^dZTT"' "** * ^"""^ 

b«n described (Mizusawa. s 7 ^-P--have 
in • w a.a. etai.. {19*6) Nucleic Acids Res 14 mo i--)^ , 

10 ^ *« ^erases specified above (cxo( , rw, Venf DNa ? 
polymerase and k)NA polvmerJI Polymerase. Vent DNa 

- the Large Klenow ££££ E^oU^T , " ** ^ P01 -— • «h 

and u AmpIiTaq 

^^■J OF ™s spectrometry of modified and unmodified PCR 

The 99-mer. 1 03-mer and 200-mer PCR nr «w..~ 
• TOF MS. Basedonpas,^^.^ J^ro^Td yZedbyMALD '- 
- I— „ergv used for desorpnon and mJ^T^J^T S TT ^ °° 
°«zapurine modification on n^^onT^ " ** ° f ? " 

*P~« were measured atthe ^JSZVZT" " ^ *" 

<M*HT signai. The rnax^un, of"! s W ft edTi "^""^ — * 
mass represen.s a mean vaiue of (M^il Ta!d " *" "* 

.he (M-Hr signal i,«.ir a, t V S,8M| ^ S "P»'= "ffragmemed ions, rather than 

^ Jo!. "I P r;^ ::r^i^- stiu ~ about 200/0 a - d g 

more narrowand symmetric signals. t^^^T l > * ^ 

depunnauon. ,s subsxanualiv reduced ^ L dt^ I" ^ ^ ** '° 
calculate™, . ' difference between measured and 

calculated mass „ strongly reduced although it is still below the expected mass For rh, 
"nmodjfied sample a (M-Hr sienal of "M A7n L expected mass. For the 

HifW . signal of 670 was observed, which is a 97, , or m* . 

-mirusncc •« — ^- .^m: 

cnneabvas It? n.t.car ~' - -^maica, 4 ncsc ooscrvauons arc 

— ^..asop™ 
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raaximum. fwhm). Because of the low mass difference between the two stngle strands (8 u) 
their individual signals were not resolved. 

With the results of the 99 base pair DNA fragments the effects of increased 
mass resolution for 7-deazapunne containing DNA becomes even more evident. The two 
single strands in the unmodified sample were not resolved even though the mass difference 
between the two strands of the PCR product was very high with 526 u due to unequal 
distribution of purines and pyrimidines (figure 41a). In contrast to this, the modified DNA 
showed distinct peaks for the two single strands (figure 41b) which makes the superiority of 
this approach for the determination of molecular weights to gel electrophoretic methods even 
more profound. Although base line resolution was not obtained the individual masses were 
abled to be assigned with an accuracy of 0.1%. Am - 27 u for the lighter (calc. mass = 30224 
u) and Am = 1 4 u for the heavier strand (calc. mass = 30750 u). Again, it was found that the 
full width at half maximum was substantially decreased for the 7-deazapurinc containing 
sample. 

In case of both the 99-mer and 1 03-mer the 7-deazapurine containing nucleic 
acids seem to give higher sensitivity despite the fact that they still contain about 20% 
unmodified purine nucleotides. To get comparable signal-to-noise ratio at similar intensities 
for the (M+Hr signals, the unmodified 99-mer required 20 laser shots in contrast to 12 for 
the modified one and the 103-mer required 12 shots for the unmodified sample as opposed to 
three for the 7-deazapurine nucieoside-containing PCR product. 

Comparing the spectra of the modified and unmodified 200-mer amplicons. 
improved mass resolution was again found for the 7-deazapurine containing sample as well 
as increased signal intensities (figures 42a and 42b). While the signal of the single strands 
predominates in the spectrum of the modified sample the DNA-suplex and dimers of the 
single strands gave the strongest signal for the unmodified sample. 

A complete 7-dcaza punne modification of nucleic acids may be achieved 
either using modified primers in PCR or cleaving the unmodified primers from the partially 
modified PCR product. Since disadvantages are associated with modified primers, as 
described above, a 100-mer was synthesized using primers with a ribo-modification. The 
primers were cleaved hydrolytically with NaOH according to a method developed earlier in 
■ 1 r-. ■ ,t • r ~. ..- ■ ■ 

'' nl;r -™-ct" ■ .:_ : — .... .:; c.-.- a.. . ... , 

tnat the hydrolysis was successful: Both nydroiyzed PCR product as well as the two releasee: 
primers could be detected together with a small signal from residual uncleaved 100-mer. 
This procedure is especially useful for the MaLDI-TOF analvsis of very shon PCR-products 
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since the share of unmodified purines originating from the primer increases with decreasing 
length of the amplified sequence. 

The remarkable properties of 7-deazapunne modified nucleic acids can be 
explained by either more effective desorption and/or ionization, increased ion stability and/or 
a lower denaruranon energy of the double stranded purine modified nucleic acid. The 
exchange of the N-7 for a methine group results in the loss of one acceptor for a hvdrogen 
bond which influences the ability of the nucleic acid to form secondary structures due to non- 
Watson-Crick base pairing (Seela. F. and A. Kehne (1987) Biochemistry: 26. 2232-2238.). 
which should be a reason for bener desorption during the MALDI process. In addition to this 
the aromatic system of 7-deazapurine has a lower electron density that weakens Watson- 
Crick base pairing resulting in a decreased melting point (Mizusawa. S. et al (1 986) Nucleic 
Acids Res.. 14. 1319-1324) of the double-strand. This effect may decrease the energy needed 
for denaturation of the duplex in the MALDI process. These aspects as well as the loss of a 
site which probably will carry a positive charge on the N-7 nitrogen renders the 7- 
deazapurine modified nucleic acid less polar and may promote the effectiveness of 
desorption. 

Because of the absence of N-7 as proton acceptor and the decreased 
polarizaiton of the C-N bond in 7-deazapunne nucleosides depurinarion following the 
mechanisms established for hydrolysis in solution is prevented. Although a direct correlation 
of reactions in solution and in the gas phase is problematic less fragmentation due to 
depurination of the modified nucleic acids can be expected in the MALDI process. 
Depurinarion may either be accompanied by loss of charge which decreases the total yield of 
charged species or it may produce charged fragmentation products which decreases the 
intensity of the non fragmented molecular ion signal. 

The observation of both increased sensitivity and decreased peak tailing of the 
(M+Hr signals on the lower mass side due to decreased fragmentation of the 7-deazapurine 
containing samples indicate that the N-7 atom indeed is essential for the mechanism of 
depunnation in the MALDI-TOF process. In conclusion. 7-deazapurine containing nucleic 
acids show distinctly increased ion-stability and sensitivity under MALDI-TOF conditions 
and therefore provide for higher mass accuracy and mass resolution. 
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Oligonucleotides were purchased from Operon Technoloe.es (Alameda r*, 
»«. unpunfied form. Se.uencng reactions were performed on a solid ' 
= .cm the se„ Uf f or Se^enase Version ,0 , Amershan, .rlm.rHe.h. 

5 

Sequencing complex: 



25 



30 



(PNA167DNA) — CAACAc i ucai GT-5 1 

(SEQ. ID. No. 24) 

was r biotinvl T °T l ° Perf ° nn SO,id " StatC ° NA se ^^'ng. template strand DNA1 1683 
was j -biounylated by terminal deoxynucleotidv! transfers a m . 

pmolofDNA11683, 1.3 nmol of bioL 14^™™ r ^ ™ 6 ° 
of terminal transferase (Amersh*™ a r ( ° BRI " Gand klani NY >' 30 

(suoolicd JT^ Afllngton Hei « hts - ™n°»), and Ix reaction buffer 

(supplied with enzyme), was incubated at 37°C for l h«.,r tu 

inacxivation of the terminal transferase at To'c for 10 ^ rCaCt, ° n ^ * ^ 
desalted hv r*.«; " ° C for 1 0 The resulting product was 

onn '^TP could be added toowj -end of DNA1 1683. The biotinvlated DNAI 1681 

ouner at ambient temperature for 30 min TH<- k.,^ l , 8 

j , JU m,n - 1 ne beads were washed twice with TF an H 

-^-in^M.TE. .O^uo^o^o, mg „ f ^ _ ^C-c^ 

Mranin! , , Th ;.° ' me **** fr0m prev,ous S '*P *«« resided ,n a I Oul volume 
mM NaCl, fron, .he Sequenase ki, and 5 pmol of copending pnm e, PNA.6/DNA The 



; -- — .....^ ™ icrminati 

., „ "PF'"pna,e termination mix: 32 uM c7dATP 3^ U M 

NaC , Z ^ 22 UM dlTP ^ ^ ° f °"< « f - f °" «™P* ,„ 50 1 

Na( -'»- The reaction mixtures were incubated at 37-C for "-mir AfW -h. 

^ iur _ min Artcr :hc completion of 
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extension, the beads were preap.tated and the supernatant was removed The bead 
washed rw.ee and resuspended in TE and kept at 4°C. 

5 

Sequencing complex: 

S'-AAGATCTGACCAGOGATTCGOTTAGCGTOACTGCTGCTGCTOCTGCTncT^ 

3'"CTaCTAGGCTGCGTAGTC-5' 
NO. 26) (CM1)(SEQ.ID. 

15 ^ e ^ et TNR - PLAS M2 was biotinvlated anH o^. ^ • 



20 



5 



Sequencing complex: 



5 -MATGATCCGACGCATCACAGCTC3- (SEQ. ID. No. 27) 
-MrTACTAGGCTGCGTAGTGTCGAGAACCTTGGCTS'cSEQ. ID. No. 28) 

twir^ t »fk tt j j- . i~'<"uic i Ur ju mm. i ne beads were washed 

twice with TE and redissolved in 30 ul TE 10 or 20 i.l «i;„, wasnea 
bead* rM „. . , 20 Ml alK J u °t (containing 0. 1 or 0 "> me of 

beads respectively, was used for sequencing reactions. 

The duplex was formed by annealing corresponding aliquot of beads from 
prev.ous step with 10 pmol of DF1 la5F (or 20 pmol of DF1 l?f L nV ,t 

or ari . H ^ K1L 1 nc annealing mixture was heated to 65 

<- and allowed to cool slowiv ro over n m , T ncatea to 



— .esumng mixture was runner incubated at 27T for s m.„ ~ 

™ Then , m, 0., M d.Uuchrco! soluuon. , ^ Mn^^M^""'" "" 

units; were added. The reaction mixrurc 
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wa, d i vided into four allots of 3 ul each and mixed with tenninauon m,xes (each coasts 
of 4mJ of the appropnate termination mix: 16 M M dATP. 16 uM dCTP. 16 ,M dG^T 
MdTTPand 1.6 uM of one of the four ddNTPs. in 50 mM NaCI). The reacu on " 
were incubated at room temperature for 5 mm. and 37°C for 5 mm a Z 
5 extern, the beads were preened and the supernal JZJ££ ^ ^ " 
-suspended ,n 20 ul TE and kept at 4- C . An aliquot of 2 ul (out of ^0 uDfro-T 
was taken and mixed with 8 ul of formamide th. , ^ 
rf„ - • , 0 or rormamide. the resulting samples were denatured at 90 Q«> 

C for , mm and 2 ul (out of 1 0 ul total) was appl.ed to an ALF DNA sequencer Phi 
Ptscataway. Ni) using a ,0S polyacryiamide gel containing 7 M urea 2 6x 
0 remaining aliquot was used for MALDI-TOFMS analysis. 

MALDI sample preparation and instrumentation 

Before MALDI analysis, the sequencing ladder loaded magnetic beads were 

washed tw,ce using 50 mM ammonium magnetic beads were 

„ wu icsuspcnaea in U.5 ul Dure wat^r "n,. 
' suspension was then loaded onto the sample tareet of th. 

saturated matrix solution G^ro^^^™ ^ 0 5 * °< 

^Oo/oacetomtrile) was added. iL ndxn^^^^~" ^ 
analysis. to dr ^ P nor » mass spectometer 

Brcme „ ^ " !flKa0n T ° FMS ' < V *on 2000. Finnigan MAT 

Whcd for po*acc=l OT ,,on. A„ ^ w« iaken in ,he posiuve ion n,ode «d a nim,g«„ 

standard 25-pomt smoothing was applied. 
RESULTS AND DISCUSSIONS 

Conventional solid-staie sequencing 

i«, , , u" COnVCmi0na] se ^™ng methods, a pnmer is directly annealed to the 
template and then extended and term.nated ,n a Sanger dideoxy sequencing. Norma.lv. a 
biouny iated pnmer ,s used and the sequencing Udders are captured by sxreptav.d.n-coated 
magnetic beads. After washing, the products are eluted from the beads using EDTA and 
formamide. However, our previous findings indicated that only<he annealed strand of a 
duplex is desorbed and the immobilized strand remains on the beads. Therefore ,t ,s 
advantageous to immobilize the template and anneal the pnmer After the sequencing 

-i-OGCr 72." ;'""! i*jn f»--, t i. 

Vj A l n , * ^tXTLiroincic. uirget anu mix witn matnx. 

. or.!y the annealed sequence ladder w,tl be desorbed and ionized, and the 
immobilized template will remain on the target. 
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A 39-mcr template (SEQ. ID. No. 23 ) was first biotinylated at the 3' end bv 
addmg b.otm-14-dATP w.th terrrunal transferase. More than one b.oun-14-dATP molecule 
could padded by the enzyme. However, smce the template was ^mobilized and", 
on the beads during MALDI. the number of bioun- , 4-dATP would not affect the m" 

^m, Tn met (SEQ - ID 29) W " uaed f ° r ** -q—cing 

MALDI-TOF mass spectra of the four sequencing ladders are shown in Figure 34 and the 
expected theoretical values are shown in Table II. 



Table II 

A^eacuon C-rcact,on G-r«cuon T-^act, on 



5--TCTGGCCTCCTCCAOGOCCTATTGTACTTCTGACGTACAMA'») n .3 

3 - TC AACACTGf* A TYIT- < • a-,-,-, a . 

-- — ■ - '——■>' t^Lj.a 

3'-ATCAACACTGCA TGT-5' 4521.0 
J'-CATCAACACTGCATCT-y 43,01 
3--ACATCAACACTGCATGT-5' 5123.4 
3-AACATCAACACTGCATGT-r 5436.6 
3"TAACATCAACACTGCATGT-5' 
S'-ATAACATCAACACTGCATCT-y 6054.0 
3--GATAACATCAACACTGCATGT-r 
3'-GGATAACATCAACACTGCATGT-5- 
3'-CGGATAACATCAACACTGCATGT-5' 7001 6 

r-CCGGATAACATCAACACTGCATGT-5- 7390.8 
3'-CCCGGATAACATCAACACTGCATGT-y 7580.0 
3-TCCCGG A TAAC ATC AACACT GC A TGT-5" 
3'<rrCCCGGATAACATCAACACTGCATGT-5 
3*-CGTCCCGGATAACATCAACACTGCATGT-5' 
3--ACGTCCCGGATAACATCAACACTGCATGT-5- 881 5 8 
3-CACGTCCCGGATAACATCAACACTGCATGT-5- 
3 -CCACGTCCCGGATAACATCAACACTGCATGT-5 9394 2 

3 -ACCACGTCCCGGATAACATCAACACTGCA TGT-5' 9707 4 
3-GACCACGTCCCGGATAACATCAACACTGCATGT-5' 
3-GGACCACGTCCCGGATAACATCAACACTGCATGT-5 
3-CGGACCACGTCCCGGATAACATCAACACTGCATGT-5 



8502.6 



9105 0 



4223.8 4223 8 



57408 



6383.2 
6712.4 



7884 

8213.4 



10036 6 
10365 8 



10655 0 



-uu^^alu . utLOOA i AA(_ ATCAACACTGC ATGT - 5 I I 586 6 



3-AGACCGGACCACGTCCCGGATAACATCAACACTGCA 



TGT-5 I I 899 8 
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The sequencing reaction produced a relatively homogenous ladder, and the 
full-length sequence was determined eas.ly. One peak around 5150 appeared ,n all reacnons 
are no. t identified. A possible explanation ,s that a small portion of the template formed some 
kind of secondary structure, such as a loop, which hindered sequenase extens.on Mis- 
mcorporauon ,s of minor importance, s.nce the intensity of these peaks were much lower than 
that of the sequencing ladders. Although 7-dcaza purines were used in the sequencina 
reaction, which could stabilize the N-glycosidic bond and prevent depunnat.on. mi no ; base 
losses were still observed since the pnmer was not substituted by 7-deazapunne, The null 
length adder. w,th a ddA at the 3' end. appeared in the A reaction with an apparent mass of 

i iow.8. However, a more intense peak of 1 n "> am^jr^ ,„ „n *■ 

^ UI 1 — appeared in all four reactions and is likely 
due to an addition of an extra nucleotide by the Sequenase enzyme. 

The same technique could be used to sequence longer DNA fragments A 78- 
mer template containing a CTG repeat (SEQ. ID. No. 25) was 3'-b,otinylated bv adding 
b.otin-14-dATP with terminal transferase. An 1 8-mer primer (SEQ. ID. No ^6) was 
annealed right outside the CTG repeat so that the repeat could be sequenced immediately 
after pnmer extension. The four reactions were washed and analyzed bv MALDI-TOFMS as 
usual. An example of the G-reaction is shown injure 35 and the expected sequencing 
ladder is shown in Table III with theoretical mass values for each ladder component. All 
sequencing peaks were well resolved except the last component (theoretical value 20577 4) 
was indisunguishable from the background. Two neighbonng sequencing peaks (a 62-mer 
and a 63-mer) were also separated indicating that such sequencing analvsis could be 
applicable to longer templates. Again, an addition of an extra nucleotide bv the Sequenase 
enzyme was observed in this spectrum. This addition is not template specific and appeared in 
all four reactions which makes it easy to be identified. Compared to the pnmer peak, the 
sequencing peaks were at much lower intensity in the long template case. Further 
optimization of the sequencing reaction may be required 
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20 



sequencing. The scheme is shown in Fieure 46 Sr a ,-i..„ 

- Mackine interactions between a ri,.„i 

probe and . .mgle-stranded ten , plal= ^ ^ ^ ™ * 

cap.unng_ Based on thts format, a , fluoresce„,,abe,ed ; 3 . m er (5'-GAT OATCCO ACr 
CAT CAC AOC TO (SEQ. ID. No ">9) was .^w . .. ... . CCG AC0 

template (5-TCG GTT CCA AGA GCT) (SEO ID No - , . ° VCTha ^ ^- mer 

mass spectra of the reactions are shown in Fi B ure47A.n ang. MALDI-TOF 

reso.ved ahhough a, relative* 1o w intensities^ The last^'m^n' * 
""specific addiuon of one nucleot.de to the Ml ZT T * '° 

enzyme. For comparison. Ihe ^ ~ ""^^ - S ™< 

a «b, fluorog™ of the resuits £ show! Injure Z 11 * """""^ ^ 

the mass ~em, h.H ... g 48. As can be seen from the Figure. 



25 



30 



potendaiiv be .nT"'^ """f" °" "* m ° re hom °^ and signa, in.ens.rv could 
Potenuall; be .ncreased by .mplementing the picoliter vial technique In pract.ee the" 
-Pta « be .oaded on sma,, pits with square openings of ,00 In size.T bel used .n 
tlT , sequencing is ,ess than 1 0 urn in dia.ee, so the, sh„u,d f., wellToTe 

m the uaL S.nce ,he laser spo. s.ze is about ,00 „m in diamcer. „ will cover the enure 

1 " ThtrCf ° rC - SMrChmg ~ """» — -d 
sTwTlT r ■" S ' ' ° HZI CM ^ ^ d f °' «•»«"• ^ earner report has 

shown ,h», u,.s dev.c= ,s capable of .ncreas.ng , h e detection se„si.,v„v o{pept «£ ^ 
Patens by several orders of magm.ude compared ,o convenuona, MALDUarnp 

preparauon technique. H 



ammonium curaic 



-is matnx ann .1 rrtUr-tmr -r^c 

... . ^. spectrometer with 5kV ion source and "»0kV 

postaccelerauon. the resolution of the run-throuch ocak in Fio.m. - /— 

">00 CFUO-n^ u u ^°ugn peak in Figure jj r./j-mer) is greater than 

-00 (FWHM) which „ enough for sequence determination in this case This resolution 
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also the highest reported for MALDI desorbed DNA ions above the 70-mer range. Use of the 
delayed extraction technique may further enhance resolution. 

All of the above-cited references and publications are hereby incorporated bv 

reference. 
Equivalrnn 

Those skilled in the an will recognize, or be able to ascertain usine no more 
than routine experimentation, numerous equivalents to the specific procedures described 
herein. Such equivalents are considered to be within the scope of this invention and are 
covered by the following claims. 
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Claims 

1 . A process for detecting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: 

a) obtaining a nucleic acid molecule from a biological sample: 

b) immobilizing the nucleic acid molecule onto a solid support, to produce an 
immobilized nucleic acid molecule: 

c) hybridizing a detector oligonucleotide with the immobilized nucleic acid 
molecule and removing unhybridized detector oligonucleotide: 

d) ionizing and volatizing the product of step c); and 

e) detecting the detector oligonucleotide by mass spectrometry, wherein 
detection of the detector oligonucleotide indicates the presence of the target 
nucleic acid sequence in the biological sample. 

2. A process of claim 1. wherein step b). immobilization is accomplished by 
hybridization between a complementary capture nucleic acid molecule, which has been 
previously immobilized to a solid support, and a complementary specific sequence on the 
target nucleic acid sequence. 

3. A process of claim 1. wherein step b). immobilization is accomplished via 
direct bonding of the target nucleic acid sequence to a solid support. 

4. A process of claim L wherein prior to step b). the target nucleic acid 
sequence is amplified. 

5. A process of claim 4. wherein the target nucleic acid sequence is.amplified 
by an amplification procedure selected from the group consisting of: cloning, transcription 
based amplification, the polymerase chain reaction (PCR). the ligase chain reaction (LCR). 
and strand displacement amplification (SDA). 

6. A process of claim 1. wherein the solid support is selected from the croup 
consisting of: beads, flat surfaces, pins, combs and wafers. 



neen previous im_momh7rr! ro 3 soha supper., ana a pemer* or the nucleic acic rnoiecuic. 
which is distinct from the target nucleic acid sequence. 
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8 A process of claim 7. wherein the complementary capture nucleic add 
molecules are oligonucleotides or oligonucleotide mimetics. 



9 A prOCCSS of cla,m whe ^n the immobilization ,s reversible 

10. A process of claim 1 wherein the mass spectrometer is selected from «h* 
group stmg of: ^Assisted Laser Dcsorptloa/Iom2auon T ^ < 

TOF). Electrospray (ES). ,on Cyclotron Resonance (ICR). Founer Trans form and 
10 combinations thereof. ™ 



1 1. A process of Cairn ,. „ hmi „ prior t0 stcp d) ^ ^ ^ ^ 

' 5 dirT.™ ■ ' 2 ; APrOCeSS ° fClaim "' Whcremlh ^Pl'i"ond,uonedbv mass 

: « l~st two detector o.igonudeotides or oligonucleotide mimetics toltect 
and ttangutsh a. .east two target nucleic acid sequences simuUaneously. 

50 a« ■ ' 3 A P ' OCraS ° f Claim ' ~ Whercin "* ™« differentiation is achieved bv 

20 differences ,n the lenph or sequence of the at least two oligonucleotides 

introd,,,, r U * P ™"* ***** "* mass diff «™«"ion is achieved bv the 

25 

15 A process of claim 12. wherein the mass differentiation is achieved bv 
exchange of canons or removal of the charge at the phosphodiester bond. 

16. A process of claim I. wherein the nucleic acid molecule obtained from a 

2 7k 1 ^ , 15 rCPl ' CalCd 115,05 01355 m0dif,Cd ^nucleoside -phosphates 

and RN a dependent DNA polymerase prior to mass spectrometry detection. 

. . . . , ' 7 A PrOC " S ° f daim ' • whcrc,n nucleic acid molecule obtained from a 

< !° d r r P ' C ,S rCP,,Cated ^ ^ m ° dlficd ^nucleoside tnphosphates 

- and DNA dependent RNA polvmerase prior to ma^n^^-: ...... 



-.icrcin inc tarcc: nucleic acia sequenrr ;s d ON.\ 

: :nge.pnru ur ii implicated in a disease or condition selerrrH fVorr, 

^ <-«jnuiiiun seicciea trom the group consisting of a 
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geneuc disease, a chromosomaJ abnormalin- a 

* **** ^itn 1 — nucle,c ac,d - a 

a. obuinmg a nucleic acid molecule co„,a,„.n g . ^ nuclcjc ^ 
sequence from a biological sample 

aiz!"r 8 11,0 !t nucWc acw m - -*« - 

amp^non procedure, .hereby obtai „ ing „ ^ ^ ^ 

O hybridmng a de.ec.or oligonucleotide witi, U,e nucleic acid molecule and 

removing ^hvbridUed dewcor oligonucleotide- ' KUk 

"'"""^Sandvolatmngtheproduciofsteporand 

e) detecting ,he de.ec.or oligonucleotide by mass spec,rom«rv. wherein 

d„ ot de.ec.or oligonucleotide .ndica.es me presence of me i„ 

nuctoc acid sequence in me biological sample. 

-pH«cation.rpo^l^r~,^ t" ^ ^ 
— dbpta« amplification ,SDA>. * **" reaC °° n < LCR) ' 

roup ^J^^^^^T ~~ " seleced from me 
TOF). Electrosnrav , E « i™r , » ^ntion/loruzauon. Time-of-FIigh. (MALDI- 

A process of claim . 9. whercm pnor ,„ s.ep d,. .he sample is conduced. 
d .ffcren,,ation. 23 ' A C ' a,m " WhCrem " — * 

mass ^^IZZZ'T*: " erem di "°" * ~- * 



,a process or claim _ wnerem rt,~ ^ . 

exchange ot cat.ons or removal of the charge at the phosphodiester bond. 
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26. A process of claim 19. wherein the nucleic acid molecule is DNA. 

27. A process of claim 19. wherein the nucleic acid molecule is RNa. 

28. A process of claim 1 9. wherein pnor to step d). amplified target nucleic 
acid sequences are immobilized onto a solid support to produce immobilized tareet nucleic 
acid sequences. 

29. A process of claim 28. wherein immobilization is accomplished bv 
hybridization between a complementary capture nucleic acid molecule, which has been 
prevKMisly immobilized to a solid support, and the target nucleic acid sequence. 

30. A process of claim 28. wherein the solid support is selected from the 
group consisting of: beads, flat surfaces, pins, combs and wafers. 



3 1 . A process of claim 28. w herein the immobilization is reversible. 

32. A process of claim 19 wherein the target nucleic acid sequence is a DNA 
fingerprint or is a disease or condition selected from the group consisting of a genetic disease 
a chromosomal abnormality, a genetic predisposition, a viral infection, a fungal infection a 
bacterial infection and a protist infection. 



33. A process for detecting a target nucleic acid sequence present 
biological sample, comprising the steps of: 



in a 



a) obtaining a target nucleic acid sequence from a biological sample: 

b) replicating the target nuc| eic acid sequence, thereby producing a replicated 
nucleic acid molecule: 

o specifically digesting the replicated nucleic acid molecule using at least one 
appropriate nuclease, thereby producing digested fragments: 
d) immobilizing the digested fragments onto a solid support containing 
complementary capture nucleic acid sequences to produce immobilized 
fragments: and 

e> analysing the immobilized fnrmrmc ^^ r , ,. p „ ... <r 

.imooui^e^ 4 ;aumcnii provide iniormation on the tarrri nuc.eic 
sequence. 
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34. A process of claim 33. wherein the solid support is selected from the 
group consisting of: beads, flat surfaces, pins, combs and wafers. 

35. A process of claim 33. wherein the complementary capture nucleic acid 
sequences are oligonucleotides or oligonucleotide mimetics. 

36. A process of claim 33. wherein the immobilization is reversible. 

37. A process of claim 33 wherein the mass spectrometer ,s selected from the 

group consisting of: Matrix-Assisted Laser Desorption/Ionization Time-of-Flicht (MALDI- 

Electrospray (ES). Ion Cyclotron Resonance (ICR). Fourier Transform and 
combinations thereof. 



,o. A process of claim 33. wherein prior to step e). the sample is conditioned. 
39. A process of claim 38. wherein the sample is conditioned bv mass 



differentiation 



40. A process of claim 38. wherein the mass differentiation is achieved by the 
introduction of mass modifying functionalities in the base, sugar or phosphate moietv of the 
detector oligonucleotides. 

41 . A process of claim 39. wherein the mass differentiation is achieved bv 
exchange of cations or removal of the charge at the phosphodiester bond. 

42. A process of claim 33. wherein after step a), the target nucleic acid 
sequence is replicated into DNA using mass modified deoxynucleoside and/or 
d.deoxynucleoside triphosphates and RNA dependent DNA polymerase. 

43. A process of claim 33. wherein after step a), the target nucle.c acid 
sequence is replicated into RNA using mass modified ribonucleoside and/or y. 
deoxynucleoside triphosphates and DNA dependent RNA polyr 



•'merase. 



44. A process of claim 33. wherein after step a), the target nucleic acid is 
replicated into DNA usinc mass modifier! -fr-s • < 



45 A process of claim 53 wherein the target nucleic acid sequence is a DNA 
fingerprint or a disease or condition selected from the group consisting of a genetic disease, a 
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chromosomal abnormaiity. a genetic predisposmon. a v, ra , mfectlon . a ^ inf 
bacterial infection or a protist infection. niecnon. a 

46 A process for detecting a target nucleic acid sequence present , n , 
biological sample, comprising the steps of: 

a) obtaining a nucleic acid molecule containing a target nuclei acid 
sequence from a biological sample: 

b> contaoinc the urge, nuc , eic ^ ^ ^ ^ ^ 

pnmcr having r tcnmna! base concern™™- ,o the iarge, nucicic acid 
sequence; 

C contactmg the product of step b, with an appropriate polvm erase enzvme 
and sequentially with one of the four nucleoside triphosphates 

d) .onmng and volatizzng the product of step c); and ' 

e) detecting the product of step d) by mass spectrometry wherein the 
molecular weight of the product indicates the presence or absenceof a 
mutation next to the 3' end of the pnmer in the target nucleic acd sequence. 

c ftm - u ^ ' A PrOCCSS dCtCCling 3 ^ nucleotid ' P*«nt in a biological sample 
comprising the steps of: **mpie. 

a) obtaining a nucleic acid molecule that contains a target nucleotide- 

b) immobilizing the nucleic acid molecule onto a solid support, to produce an 
immobilized nucleic acid molecule: 

O hybridizing the immobilized nucleic acid molecule with a primer 
oligonucleotide that is complementary to the nucleic acd molecule at a site 
immediately 5' of the target nucleotide: 

d) contacting the product of step c, with a complete set of dideoxvnucleosides 
or 3-deoxynucleoside tnphosphates and a DNA dependent DNA polvmerase. 
so that only the dideoxynuclcoside or 3-deoxynucieoside triphosphate that >s 
complementary to the target nucleotide is extended onto the primer 
ei ionizing and volatizing the product ot step d): and 

fi detecting the primer by mass spectrometry. ,o determine the .dentity of the 
target nucleotide 



a) obtaining a nucleic acid molecule: 
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b) hybridizing the nucleic add molecule with an oligonucleotide probe 
thereby formmg a mismatch at the site of a mutation- 

e> detec„n S the products obtained by mass spectrometry. where,n ,„e prese 



a) obtaining a nucleic acid containing a target nucie.c acid 
sequence from a biological sample: 

b) perfemung a, leas, one hybridization ofthe target nuclelc acjd sequencc 

O .onizing and volaiizing the product of step b): and 

*• «ga«on product by mass spectrometry and company the 
value obtamed with a .cnown value ,„ determine the urge, nuclei acid 

sequence. 
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FIGURE 6 
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FIGURE 10B 
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FIGURE 12A 
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FIGURE 22 



Molecular weight of the variable fragments 



in Da: 



91 bp 


sense 
an ti sense 


28421 
27864 


tlltl c3/e3 
X ~ 


E4/c4 


c2/c3 
X~~ 


A 

~€2Jz4 
X~~ 




83bp 


sense 
antisense 


25747 
25591 


X 




X 


X 




711 


sense 
antisense 


22440 
21494 




X 




X 


X 


48bp 


sense 
antisense 


14844 
14857 


X 


X 


■v 


V 


X 


35bp 


sense 
antiscjise 


10921 
10751 


X 


X 


X 


X 


X - 




XXX 



1 0913 9* 



22401.6* 

22W3.7- , 




: >OO0 



20OO0 



25OO0 



J00O0 



24/56 



BAD ORIGINAL Q\ 



W0 9d/294J1 




PCT/US96/03651 



FIGURE 23 





WO 96/29431 



PCT/US96/0J65I 



FIGURE 24 





2.Q/5G 



WO 96/29431 




PCT/US9d/0365l 



FIGURE 26 



P OH 

J 



3 """" ACCGTGTT I TTG«C=CCC Cm„. UWC MCM - 5 

J'^SESSS SSSSS SSSS I ™E2E 

— ™° ~> <: ^s^^^r- 

Ofcgo C 1 ' . — 
^ OtgoO 



WO 9d/2943I 



PCT/US96/0365J 




242 bp 
190 bp 
147 bp 
110 bp 

67 bp - 



34 bp 



i/S <0 



WO 96/29431 



PCT/US96/03651 



FICURE 28 



AU 

260nm 
0.30 



0.25 



0.20 



0.15 



0.10 



0.05 



0.00 



t ' 1 1 1 r 



i ' r 



-0.05 



J[ ligation product 



oligos: A. 
B. C and O 



salmon sperm 
DNA and 
template 



• i 



l 



1 . 1 . L 



0 10 20 30 40 

time [minutes] 



_! 

50 



30/0 ° *Zo original $ 



WO 96/29431 



PCT/US 96/03651 



FIGURE 29 



AU 

260nm 
0.30 | 1 — 

0.25 

0.20 

0.15 



"i * r 



oligos: A. 8, 
C and 0 



salmon sperm 
DNA and 
template 



0.10 



0.05 



0.00 



-0 05 



-i L 



-I ' 



0 10 20 30 40 50 

time [minutes] 



WO 96/29431 



8 



PCT/US96/0365I 



o 



i 



_.. / hi 11. i\ 



20000 



40000 



60000 »0000 100000 ,20000 140000 
' ■ M* ttlny*)_ 




M Al i < frv r 



FIGURE 30 

~ 2/56 





FIGURE 3 1 



WO 96/29431 




PCT/US96/0365I 



FIGURE 32 




34/5£ . r~ 

fc Bad or»g(nal , 



WO 96/29431 




PCT/US96/0365 





FIGURE 33 



WO 96/»43 1 



PCT/US96/03651 



FICUR£ 34 



506S075nfl 



- -=ssssssS 

6 



S065O75O8 
ACCATTAAAGAAAATATCATCTT~rr-/~-r. 



506Ser 111,118 ^^^^AACGATACTaSS., (10657.0) 



W 0 96/29431 _ 

I"CT/DS9M»3651 



fICUR£ J5 




37/56 



BAD ORIGINAL 



WO 9609431 



PCT/US96/0365I 



FIGURE 36 



cwceacceccMcr** r.r.r...r.rnr ^ccc 

W-^r R*wrM r*»«r OMm.^ 



I9«crfft««r 

^CACCCCCACCAAAATETT 



T"nrrni i n i_ h ull 



^"^"H" I I I I I I | IfUlLILLlL. 



^ ■ - . - 3 



WO 96/29431 



PCT/US96/0J65 



FIGURE 3 7 




OR/G/NAL 



WO 96/29431 



PCT/US96/03651 




bp 
226 



100 
90 
63 
57 



4C/5G 



WO 96/29431 




PCT/US96/03651 



FIGURE 39 



1 2 3 4 5 6 




WO 96/29431 




PCT/DS9MU651 




20.0 
19.5 

190 

its 

110 

17.5 

170 
165 
160 
15 5 
15.0 
14.5 



u of 





I0O00 



30000 



o 

s 



-A. 



60000 
Mm (fivz) 



-;000 l-toOC 16OO0 ii/yv 



Mm ( prvr ) 



WO 96/29431 



PCT/US96/03651 



FIGURE 42 




19 




44/56 




J > CT7US9<S/03651 



FIGURE A3 





PCT/US**/03*5l 




PCT/US96/03651 





WO 96/29431 



1»CT/US9«/0365I 





48/56 




j 



WO 96/29431 PCT/US96/03651 



o 
- o 

~ 2 




o 
o 



. o 




o 
o 



o 
o 



o 
o 



o 
a 



o 
o 



o 



o 
o 



o 



c 
t 



o 

o 



o 




o 

o 



o 
o 



o 
o 



o 
o 



o 



o 
o 



. o 



o 
o 



o 

N 



o 
o 



o 
o 



c 
o 




5G/56 



CORRECTED 
VERSION* 



PCT 



WORLD 



■CTUAL PROPERTY ORGANIZATION 
Intemanonal Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPE RATION TREATY (PCT) 
51) International Patent Classification 6 : 



C12Q 1/68, GO IN 30/72 // HOU 49/00 



A2 



(11) International Publication Number: WO 96/29431 

(43) International Publication Date: 26 September 1996 (26.09.96) 



21) International Application Number: PCT/US9670365 1 

£2) International Filing Date: 18 March 1996 (18.03.96) 



W) Priority Data: 

08/406,199 



17 March 1995 (17D3.95) 



US 



ri) Applicant: SEQUENOM, INC [US/US]; Suite 1950, 101 Arch 
Street, Boston. MA 021 10 (US). 

T2) Inventor: KOSTER, Hubert; 1640 Monument Street, Concord, 
MA 01742 (US). 

M) Agents: ARNOLD, Beth, E. et aL; Lahive & Cocfcfield, 60 
State Street, Boston, MA 02109 (US). 



(81) Designated States: AU, CA, CN. JP t RU, European patent 
(AT, BE, CH, DE, DK, ES, FI. FR, GB, GR, IE, IT LU 
MC, NL, PT, SE). ' * 



Published 

Without international search report and to be republished 
upon receipt of that report 



<4) Title: DNA DIAGNOSTICS BASED ON MASS SPECTROMETRY 
•7) Abstract 

The invention provides fast and highly accurate mass spectrometer based processes for detecting a particular nucleic acid sequence 
a biological sample. Depending on the sequence to be detected, the processes can be used, for example, to diagnose a genetic disease 
chromosomal abnormality; a predisposition to a dforase or condition, infection by a pathogenic organism, or for determining identity or 
tredity. 



eftrred co in POT Girtttc 5 1/1996, Sccuon 0; 



FOR THE PURPOSES OF INFORMATION ONLY 
^icaxS^^ ^^^^PCTontheta pages of pamphlct3 publUhing 



international 




GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HtJ 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgyttan 


KP 


Democratic People's Republic 




of Korea 


KR 


R«P«bIic of Korea 


KZ 


Kazakhstan 


U 


Liechtenstein 


LK 


Sri F »h 


LR 


Liberia 


LT 


I khnanij 







VI i J 

ML 
MN 
MR 



KepuoUr ctf Mokiov t 

Madagascar 

Mali 

Mongolia 
Mauritania 



MW 
MX 

NE 

1VL 

NO 

NZ 

PL 

PT 

RO 

RU 

SD 

5E 

SG 

SI 

SK 

SN 

sz 



US 

vz 

VN 



Malawi 

Niger 

Necheriandi 
Norway 
New Zealand 
Poland 
Portugal 



Roman Federation 

Sodaa 

Sweden 

Singapore 

Slovenia 

Slovakia 

Senegal 

Swaziland 



- nnidad and I 06a* u 



Unieed Slates of America 

Uzbekistan 

Vet Nan 



WO 96/29431 



PCT/US96/03651 



10 



0 



DNA DIAGNOSTICS BASED ON MASS SPECTROMETRY 

Background of me Invention 

The genetic information of all living organisms (e.g. animals, plants and 
microorganisms) is encoded in deoxyribonucleic acid (DNA). In humans, the complete 
genome is comprised of about 100,000 genes located on 24 chromosomes (The Human 
Genome, T. Strachan, BIOS Scientific Publishers, 1992). Each gene codes for a specific 
protein which after its expression via transcription and translation, fulfills a specific 
biochemical function within a living cell. Changes in a DNA sequence are known as 
mutations and can result in proteins with altered or in some cases even lost biochemical 
activities; this in turn can cause genetic disease. Mutations include nucleotide deletions, 
insertions or alterations (i.e. point mutations). Point mutations can be either "missense", 
resulting in a change in the amino acid sequence of a protein or "nonsense" coding for a' 
stop codon and thereby leading to a truncated protein. 

More than 3000 genetic diseases are currently known (Human Genome 
Mutations, D.N. Cooper and M. Krawczak, BIOS Publishers, 1993), including hemophilias 
thalassemias, Duchenne Muscular Dystrophy (DMD), Huntington's Disease (HD), 
Alzheimer's Disease and Cystic Fibrosis (CF). In addition to mutated genes, which result 
in genetic disease, certain birth defects are the result of chromosomal abnormalities such as 
Trisomy 21 (Down's Syndrome), Trisomy 13 (Patau Syndrome), Trisomy 18 (Edward's 
Syndrome), Monosomy X (Turner's Syndrome) and other sex chromosome aneuploidies 
such as Klienfeiter-s Syndrome (XXY). Further, there is growing-evidence that certain 
DNA sequences may predispose an individual to any of a number of diseases such as 
diabetes, arteriosclerosis, obesity, various autoimmune diseases and cancer (e.g. colorectal, 
breast, ovarian, lung). 

Viruses, bacteria, fungi and other infectious organisms contain distinct 
nucleic acid sequences, which are different from the sequences contained in the host cell. 
Therefore, infectious organisms can also be detected and identified based on their specific 
DNA sequences. 

Since the sequence of about 16 nucleotides is specific on statistical grounds 
even for the size of the human genome, relatively short nucleic acid sequences can be used 
to detect normal and defective genes in higher organisms and to detect infectious 
microorganisms (e.g. bacteria, fungi, protists and yeast) and viruses. DNA sequences can 
even serve as a fingerprint for detection of different individuals within the same species. 
(Thompson, J.S. and M.W. Thompson, eds.. Genetics jn_Medjcine. W B Saundr^ Cn 



^. — ... , v ^ _ , ueiiit; uscu. r or example, 

nucleic and sequences can be identified by comparing the mobility of an amplified nucleic 
acid fragment with a known standard by gel electrophoresis, or by hybridization with a 
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^obe. which is complementary » the sequence ,o be identified. Identification, however 
can only be accomphshed if the nucleic add fragment is labeied w,th a sensitive -0™ ' 
funcnon (e.g.^ioactive (32 P , 35 S) . fluor escen, or chen^uminescent). Z^er 
rad,oacnv« .labels „ be hazardous and the s,gnals they produce decay overZT No 
5 .sotop.c labeU (e.g. fluorescent) suffer from a lack of sensitivity and faZ o^e , , 
when high intensity are hen* used. Additionally. perfoLn ^ 
electrophoresis and subsequent detection are laborious, time-consuming and error-prone 
P-edure, Electrophoresis is particulariy error-prone, since the size or Z iTX 
we,ght of the nucleic acid canno, be directly correlated to the mobility in le Z , 

, Z- ° of combinations of electric and magnetic fields, the ion, 

- -,~.o,.es uepenamg on their individual mass (m) and charge (z) In the ™~ r 
modules with ,ow molecular weigh, mass s„etry hj Ho g bl • 
physical-orgamc repertoire for analysis and CaracterizaL of or^ m^^T 
d«™.nationofthemassoftheparentmolecularion In u m °' eculcs ^ me 

of this paren, moieculat ion with other ZZ£ e * C °" 

) fia«m m .-HF • nwltnotn « r Pantoles (e.g., argon atoms), the molecular ion is 

fagmented forrmng secondary ions by the so-called collision induced dissociation (Cm, 
Tie fiagmentauon panem/pathway very often allows the derivation of de^ s^ 
utfo_ Many applications of mass spectrometry methods » d^. 

■9, Mass Spectrome^- (J . A . McCoskey, editor). ,990. Academic Press, New 

high detection s^ 7^7^ *» ~* 

bv rrn - • ofma ^ measurements, detailed structural information 

byOD m conjunct with an MS/MS conation a*d speed, as well as on-lineZ 
ftUBfato a computer, there has been considerable interest in the use of mass spectr^merrv 
for the structural analysis of nucleic acid. R,,,. spectrometry 
K H Schram c reVICWS sunun ^^g this field mclude 

Techmoues m Nucleic Acid Research.- M^S^o^^o, 505 ^ I990 ) 

volatilize Con T' ""'^ "** " Wy P ° hr bi °<*"*— ^ are veiy difficultto 
we « ^° nSeqUCnU5 '- maSS detection has been hmired to low molecuiar 

ztrr. :! gonuc " oddK ty d — - - - r:: 

..... ^ —..^iitfe. Hi particular, lor the ionization and 

voiatihzauon. .e method £ fas. atomic bombardment (FAfi _ ^ £ 
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desorption (PD mass spectrometry). As an example, the application of FAB to the analysis 
of protected dimeric blocks for chemical synthesis of oligodeoxynucleotides has been 
described (Kostere/a/. Biomedical En vironmental Mass Specn-nm^ \a \ n 1I6 
(1987)). — ' 

Two more recent ionization/desorption techniques are electrospray/ionspray 
(ES) and matrix-assisted laser desorption/ionization (MALDI). ES mass spectrometry has 
been introduced by Fenn et al. (J. Phvs. Chem. 88, 4451-59 (1984); PCT Application No 
WO 90/14148) and current applications are summarized in recent review articles (R.D 
Smith et ai, Anal. Chem. 62, 882-89 (1990) and B. Ardrey, Electrosprav Mass 
Spectrometry, Spectroscopy Furor*- 4, 10-18 (1992)). The molecular weights of a 
tetradecanucleotide (Covey et al. "The Determination of Protein, Oligonucleotide and 
Peptide Molecular Weights by Ionspray Mass-Spectrometry," Rapid Co mmi n.>^ v . . 
Mass Spectrometry 2, 249-256 (1988)), and of a 21-mer (Methods in Fn^.^, m 
"Mass Spectrometry" (McCloskey, editor), p. 425. 1990. Academic Pn*« w-,„ v„u, ..... 
been published. As a mass analyzer, a quadruple is most frequently used. The 
determination of molecular weights in femtomole amounts of sample is very accurate due 
to the presence of multiple ion peaks which all could be used for the mass calculation. 

MALDI mass spectrometry, in contrast, can be particularly attractive when a 
tune-of-flight (TOF) configuration is used as a mass analyzer. The MALDI-TOF mass 
spectrometry has been introduced by Hillenkamp et al. ("Matrix Assisted UV-Laser 
Desorptioii/Ioruzation: A New Approach to Mass Spectrometry of Large Biomolecules," 
Biological Mass Spectrometry (Burlingame and McCloskey. editors), Elsevier Science 
Publishers, Amsterdam, pp. 49-60, 1990.) Since, in most cases, no multiple molecular ion 
peaks are produced with this technique, the mass spectra, in principle, look simpler 
25 compared to ES mass spectrometry. 

Although DNA molecules up to a molecular weight of 410,000 daltons have 
been desorbed and volatilized (Williams et al., "Volatilization of High Molecular Weight 
DNA by Pulsed Laser Ablation of Frozen Aqueous Solutions." Science. 246, 1585-87 
(1989)), this technique has so far only shown very low resolution (oligothymidylic acids up 
to 18 nucleotides. Huth-Fehre etal, Rapid Communications in M^s Spectrometry 6, 209- 
13 (1992); DNA fragments up to 500 nucleotides in length K. Tang et al., Rapid 
C ommunications in Mass Spectrometry 8, 727-730 (1994): and a double-stranded DNA of 
28 base pairs (Williams et al., Time-of-Flight Mass Spectrometry of Nucleic Acids by 
Laser Ablation and Ionization from a Frozen Aqueous Matrix," Rapid Commiminti n n ; in 
35 Mass Spe ctrometry . 4. 348-^» (IQQOYi 

wCcfopnoicMj. .i^uiu uiromatograpnv oi mgn 

>peea gei riltrauon. Mass spectrometnc detection is achieved by incorporating into the 
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»*c acds, atoms whlcn nomai , y do ^ m ^ ^ ^ ^ ^ f ^ ^ ^ ^ 

Summary r.f the Tnv^W^ n 

The instant invention provides mass 

detected. the processes can be used, for examoleTd , ^ *° Xq ""'" ,0 * 

a genetic disease or chnanosomal lorTZ 1 Zl^' <** °'P— y) 

(e.g. obesity. armerosclerosis, cancer) o7t~ti P " dlSP ° Sm ° n * * OT 
10 bacteria, pansite or ^gus)- 0 Z^Z T " ' ^ virus, 

'ompaubility ,e. g . HLA^no^ " * ta " <* 

tamobiiization can be accomplish i f «™<*>."zed » a solid support .-, 

'5 portion of the tan,,, "T! * *T CX3mP ' e - baSed « "yWdiaation between .. 
- a cap^re n^ZZ^™^ ™ " **« «- ^ Section site 
«W»t Alternatively. imn^K " ^ P"™"^ ^"Wlized to a solid 

-eic acid molecuJand the so^T. * *« »f the ta.e, 

actd molecule) benveen the target nuclei £ X" " ^ (< * 3 n "* fc 
20 nucleic acid molecule (eg an olico„„w .-a me support. A detector 

complementary to the L^TT'* k """"de mimetic), which is 
-and format 

detected by mass spectrometry In „„f. T deKcIi °n site can be 

amplified ptior to jeTec,^ uC^I^mo T' * " 

25 ~ - -g=t de,cc,i:r;:ct™: o ; dw r • in a ^ 

multiple simultaneous detections rmultmi • ^ 8 m 3 f ° OTat ^ •"<»« 

oligonucleotide arrays ' " " ■*« 

^ an optional ^ ^ ac.d molecule 
30 obtain from a biologica, sanjle, me ^ Z *" " - «~" 

detected by mass spectrometry. m prefeL eZ, " ^'^ ^ d ™ * 

■he detector oligonucleoddes^ copied C " B ' *»" "^"O" Site «*»* 

another preferred embodiment '° SpeOT ° m « ri <= detection. !„ 

- a,,o W muraple ^2z p :^; t^t si,es ~ ™- a *»- 

35 using oligonucleotide arrays ("DNA chips " ' """^ " WU 35 P-essing 

In a third embodiment ".•-!.. ; ; 

- -.ieaieb (using aeoxvnoonijcieac^ hk: . 
— . - ^ments captured on a sol.d -.pp-n^j: ~ 
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complementary sequences. Hybridization events and the actual molecular weights of the 
captured target sequences provide information on whether and where mutations in the gene 
are present The array can be analyzed spot by spot using mass spectrometry. DNA can be 
similarly digested using a cocktail of nucleases including restriction endonucleases. In a 
preferred embodiment, the nucleic acid fragments are conditioned prior to mass 
spectrometric detection. 

In a fourth embodiment, at least one primer with 3' terminal base 
complementarity to an allele (mutant or normal) is hybridized with a target nucleic acid 
molecule, which contains the allele. An appropriate polymerase and a complete set of 
nucleoside triphosphates or only one of the nucleoside triphosphates are used in separate 
reactions to furnish a distinct extension of the primer. Only if the primer is appropriately 
annealed (i.e. no 3' mismatch) and if the correct (i.e. complementary) nucleotide is added, 
will the primer be extended. Products can be resolved by molecular weight shifts as 
determined by mass spectrometry. 

In a fifth embodiment, a nucleic acid molecule containing the nucleic acid 
sequence to be detected (i.e. the target) is initially immobilized to a solid support. 
Immobilization can be accomplished, for example, based on hybridization between a 
portion of the target nucleic acid molecule, which is distinct from the target detection site 
and a capture nucleic acid molecule, which has been previously immobilized to a solid 
support. Alternatively, immobilization can be accomplished by direct bonding of the target 
nucleic acid molecule and the solid support. Preferably, there is a spacer (e.g. a nucleic 
acid molecule) between the target nucleic acid molecule and the support. A nucleic acid 
molecule that is complementary to a portion of the target detection site that is immediately 
5' of the site of a mutation is then hybridized with the target nucleic acid molecule. The 
addition of a complete set of dideoxynucleosides or 3'-deoxynucleoside triphosphates (e.g. 
pppAdd, pppTdd, pppCdd and pppGdd) and a DNA dependent DNA polymerase allows for 
the addition only of the one dideoxynucleoside or 3'-deoxynucleoside triphosphate that is 
complementary to X. The hybridization product can then be detected by mass 
spectrometry. 

In a sixth embodiment, a target nucleic acid is hybridized with a 
complementary oligonucleotides that hybridize to the target within a region that includes a 
mutation M. The heteroduplex is then contacted with an agent that can specifically cleave 
at an unhybridized portion (e.g. a single strand specific endonuclease), so that a mismatch, 
indicating the presence of a mutation, results in the cleavage of the target nucleic acid. The 
35 two cleavage products can then be detected by mass spectrometry. 
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iigase. so uiai me ugase educts oecome covaJently linked to each other, forming a ligation 
product. The ligation product can then be detected by mass spectrometry and compared to 
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!5 accural and reliable to currently available procedures. ' —"more 

Brief DesrrtpH^n Q f ^ p;^ ,^ 

0 acid mo,ecu,e m , wnicn bas been ob "«*° 

molecule £ to o^e tT " sequence on the targe, nucleic acid 

hybndi^Tn' a dlc^uZ T" SM ^ ^ "~ (S) »"*— 

= *- ~d ^rr e ~ vb^d tt (D) - which is comp,emena ' y » *• ™ * 

mass spectrometry " ^ 0 " * m ~ a D « d *° TOS « *«»d by 

or iive JblTbond f " I™ ' *° a SOlid SU PP°" "U the fonnation of a revers.ble 

acid ZZTcm JZt T aPP '° Pria,e ^""^ (L '» °" "« 

nucleic „ 7 «PP">pnate functtonality (L) on the solid support Detector 

^rrsn: Dl d t which - compi ™ y " — 

v * ^) are then contacted with the TTK h v k^^;,— • i. 

Dl and/or TDS 9 ^ n ? rj ,„ ^ , Hybridization between TDS 1 and 

differ ' 6Cted ^ distin ^ ish ^ based on molecuhr W „ V ,, 

or a mutant ,Dmut, ™„^. "17.. - - wuarype u .w. , 

specific capture sequence 777 T*" ' ' * ""'^ in Fl ^ e 1 A - * 

P sequence (C) IS attached to a solid support (SS) via a spacer (S) In 
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addition, the capture sequence is chosen to specifically interna with a complementary 
sequence on the target sequence (T), the target capure site (TCS) to be detected through 
hybridization. However, if the target detection site (TDS) includes a mutation, X, which 
changes the molecular weight, mutated target detection sites can be distinguished from 
wildtype by mass spectrometry. Preferably, the detector nucleic acid molecule (D) is 
designed so that the mutation is in the middle of the molecule and therefore would not lead 
to a stable hybrid if the wildtype detector oligonucleotide (Dwt) i s contacted with the target 
detector sequence, e.g. as a control. The mutation can also be detected if the mutated 
detector oligonucleotide (Dmut) with the matching base at the mutated position is used for 
hybridization. If a nucleic acid molecule obtained from a biological sample is heterozygous 
for the particular sequence (i.e. contain both Dwt and Dmut). both Dwt and Dmut will be 
bound to the appropriate strand and the mass difference allows both Dwt and Dmut to be ' 
detected simultaneously. 

FIGURE 1 is a Hiacrrstm chnwino a nm/<w r ;~ <„u;~l 1 . . . - 

- — cr- ■•— 0 — t^www^ in muwi otvciai uiuuiuuns are 

simultaneously detected on one target sequence by employing corresponding detector 

oligonucleotides. The molecular weight difFerences between the detector oligonucleotides 

Dl, D2 and D3 must be large enough so that simultaneous detection (multiplexing) is 

possible. This can be achieved either by the sequence itself (composition or length) or by 

the introduction of mass-modifying functionalities Ml - M3 into the detector 

20 oligonucleotide. 

FIGURE 3 is a diagram showing still another multiplex detection format. In 
this embodiment, differentiation is accomplished by employing different specific capture 
sequences which are position-specifically immobilized on a flat surface (e.g, a 'chip array*). 
If different target sequences Tl - Tn are present, their target capture sites TCS1 - TCSn will 
interact with complementary immobilized capture sequences Cl-Cn. Detection is achieved 
by employing appropriately mass differentiated detector oligonucleotides Dl - Dn, which 
are mass differentiated either by their sequences or by mass modifying functionalities Ml - 
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FIGURE 4 is a diagram showing a format wherein a predesigned tareet 
capture site (TCS) is incorporated into the target sequence using PCR amplification. Only 
one strand is captured, the other is removed (e.g., based on the interaction between biotin 
and streptavidin coated magnetic beads). If the biotin is attached to primer 1 the other 
strand can be appropriately marked by a TCS. Detection is as described above through the 
interaction of a specific detector oligonucleotide D with the corresponding target detection 
35 site TDS via mass specrrometrv 



- JCL1Uh ii-v-i^j prouucis can oe prepared ana aetecteu oy mass specrrometrv Mass 
differentiation can be achieved by the mass modifying functionalities (Ml and M2) 
attached to primers (PI and P4 respectively). Detection by mass spectrometry can be 
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of a mutation, results in the cleavage of (C) and/or (D), which can then be detected by mass 
spectrometry. 

FIGURE 8 is a diagram showing how both strands of a target DNA can be 
prepared for detection using transcription vectors having two different promoters at 
opposite locations (e.g. the SP6 and the 17 promoter). This format is particularly usefial for 
detecting heterozygous target detection sites (IDS). Employing the SP6 or the T7 RNA 
polymerase both strands could be transcribed separately or simultaneously. Both RNAs 
can be specifically captured and simultaneously detected using appropriately mass- 
differentiated detector oligonucleotides. This can be accomplished either directly in 
solution or by parallel processing of many target sequences on an ordered array of 
specifically immobilized capturing sequences. 

. FIGURE 9 is a diagram showing how RNA prepared as described in Figures 
6, 7 and 8 can be specifically digested using one or more ribonucleases and the fragments 
captured on a solid support carrying the corresponding complementary sequences. 
1 5 Hybridization events and the actual molecular weights of the captured target sequences 

provide information on whether and where mutations in the gene are present The array can 
be analyzed spot by spot using mass spectrometry. DNA can be similarly digested using a 
cocktail of nucleases including restriction endonucleases. Mutations can be detected by 
different molecular weights of specific, individual fragments compared to the molecular 
20 weights of the wildtype fragments. 

FIGURE 10A shows a spectra resulting from the experiment described in 
the following Example 1. Panel i) shows the absorbance of the 26-mer before 
hybridization. Panel ii) shows the filtrate of the centrifugation after hybridization. Panel 
iii) shows the results after the first wash with 50mM ammonium citrate. Panel iv) shows 
25 the results after the second wash with 50mM ammonium citrate. 

FIGURE 10B shows a spectra resulting from the experiment described in the 
following Example 1 after three washing/ centrifugation steps. 

FIGURE 10C shows a spectra resulting from the experiment described in the 
following Example 1 showing the successful desorption of the hybridized 26mer off of 
30 beads. 

FIGURE 1 1 shows a spectra resulting from the experiment described in the 
following Example 1 showing the successful desorption of the hybridized 40mer. The 
efficiency of detection suggests that fragments much longer than 40mers can also be 
desorbed. 

3 5 FIGURE 12 shows a spectra resulting from the experiment described in the 
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FIGURE 14 is a mass spectrum of the DM a „~ 
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FIGURE 15 is a mass spectrum nf fh« n\T * 
heterozygous mutant 6 ° NA extens,on Product of a AF508 

^ozygous no^ " * °< *° DNA ~n product of a 4F508 
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FIGURE 25A is a mass spectrum of sample 1, which is HBV positive. The 
signal at 20754 Da represents the HBV related PCR product (67 nucleotides, calculated 
mass: 20735 Da). The mass signal at 10390 Da represents the fM+2H]2+ signal 
(calculated: 10378 Da). 

FIGURE 25B is a mass spectrum of sample 3, which is HBV negative 
corresponding to PCR, serological and dot blot based assays. The PCR product is 
generated only in trace amounts. Nevertheless it is unambiguously detected at 2075 1 Da 
(calculated: 20735 Da). The mass signal at 10397 Da represents the [M+2H]2+ molecule 
ion (calculated: 10376 Da). 

FIGURE 25C is a mass spectrum of sample 4, which is HBV negative, but 
CMV positive. As expected, no HTV specific signals could be obtained. 

FIGURE 26 shows a part of the £. coli lad gene with binding sites of the 
complementary oligonucleotides used in the Iigase chain reaction (LCR). Here the 
wildtype seauence is disnlav<*1 Th* mutant mntomp o 1 •» ^ - .... 

-r ^ « vv "^ w « yvim muuiiiuu HI up I y i WlllCtl IS 

also the site of ligation (bold). The mutation is a C to T transition (G to A, respectively). 
This leads to a T-G mismatch with oligo A (and A-C mismatch with oligo B, respectively). 

FIGURE 27 is a 7.5% polyacrylamide gel stained with ethidium bromide. 
M: chain length standard (pUCl 9 DNA, Mspl digested). Lane 1 : LCR with wildtype 
template. Lane 2: LCR with mutant template. Lane 3: (control) LCR without template. 
The ligation product (50 bp) was only generated in the positive reactive containing 
wildtype template. 

FIGURE 28 is an HPLC chromatogram of two poo£d positive LCRs. 
FIGURE 29 shows an HPLC chromatogram the same conditions but mutant 
template were used. The small signal of the ligation product is due to either template-free 
ligation of the educts or to a ligation at a (G-T, A-C) mismatch. The 'false positive' signal 
is significantly lower than the signal of ligation product with wildtype template depicted in 
Figure 28. The analysis of ligation educts leads to 'double -peaks' because two of the 
oligonucleotides are 5'- phosphorylated. 

FIGURE 30 In a the complex signal pattern obtained by MALDI-TOF-MS 
analysis of Pfu DNA-ligase solution is depicted. In b a MALDI-TOF-spectrum of an 
unpurified LCR is shown. The mass signal 67569 Da probably represents the Pfu DNA 
ligase. 

FIGURE 3 1 shows a MALDI-TOF spectrum of two pooled positive LCRs 
(a). The signal at 7523 Da represents unligated oligo A (calculated: 7521 Da) whereas the 
35 signal at 1 5449 Da represent"; the ligation prndun- (r^^-y^A- \ < jcn n , ■ -n,„ ,i . 

" ^ auc lu ^ matrix ioiii . ne spectrum corresponds 10 lane i in ngure za ana to tnc: 
chromatogram in figure 2b. In b a spectrum of two pooled negative LCRs (mutant 
template) is shown. The signal at 7517 Da represents oligo A (calculated: 7521 Da). In c a 
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f"™" ° f nro pooled <=° nm * ( wTth salmon sperm DNA as «„,„,„ > ■ 

i-iOURE 32 shows a spectrum obtained from two nooledrrp • l. . 

puriiication Jl^^t^TT 7 ^ ^ <* ^ 

15450 Da). The sitmal at 7srT P hgaUOn pr0<iua ^"Iated: 

10 376, Da i th^S" ^ ° hS ° A ™ Da). The signals at 

(M*3H]2. 3^ .. T"' ° f *• Wh — *"ig„a, a, 5 .40 Da is the 

Da). S,gnalat7514Dare P re sentsoligoA(caJculated:752I 

15 .... FIGURE 34 iS 3 SChematic P^entation of the oli eo base ,vt, n ,„„ ..... 

™ wu ucwcuon pnmer b using ddTTP (A) or ddCTP ffi) in th\ 

is part of the exon 10 of the CFTR eene th„t k» ... parenthes,s - ™« sequence shown 

mutation AF508 and more ^ ' ^ COmm ° n fib ™* 

31,(1 more ^ mutations AI507 as well as lle506Ser 

20 precipitated 6^J^^ 1 ^ " *» 

each panel (ddTO or ^ , ^ « «« top of 

P (dd 1 TP or ddCTP, respecuvely) show the annealed primer (CFSOK wM. 
further extension reaction xu^ . , ^, pnmer ^r-5U8) without 

n>er and 200-tner nucleic acids as we,, as the * I^T""* ^ 

mer reverse primers, sequences of ihe 1 9-pnmers and the two 18- 

DNA, which walus^ofpCRiriT'" 0 " T' M>3mp, 8 RF, 

'° >03-me rn uc,eic j£ 2 so l™ P '' f ' CaU 7 rf "™ tW - d ^purine containing 
the PCR. hOWn ™ nUCle ° ,,de Se " U — *e « 7-m=r prints used in 

PCR products purif^nd ^ "* 7* ^^'^ *< ^phoresis of 
^,^ 7!^™ •™A L D I -TOFMSa,a,vsis. M: chain leng* 

5 me, toe 3 i J^T ~" S """" PCR '™ * unmodified 99 

product 7dCa2ap — ngl03. m era„dlane4: unmodified ,03-mer PCR 

^ actions cameo out w,m • i-pj u^, - "* -^' J P' lore ^ 

unmodifieH . ^ ' J '"" A " eu P'^neii, i and 4. Lanes 1 and 2- 
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lanes 3 and 4: unmodified and 7-deazapurine modified 200-mer (71 123 and 39582 counts) 
and lanes 5 and 6: unmodified and 7-deazapurine modified 99-mer (173216 and 94400 
counts). 

FIGURE 40 a) MALDI-TOF mass spectrum of the unmodified 103-mer 
PCR products (sum of twelve single shot spectra). The mean value of the masses 
calculated for the two single strands (3 1768 u and 31759 u) is 31763 u. Mass resolution: 
18. b) MALDI-TOF mass spectrum of 7-deazapurine containing 103-mer PCR product 
(sum of three single shot spectra). The mean value of the masses calculated for the two 
single strands (3 1 727 u and 3 1 71 9 u) is 3 1 723 u. Mass resolution: 67. 

FIGURE 4 1 : a) MALDI-TOF mass spectrum of the unmodified 99-mer 
PCR product (sum of twenty single shot spectra). Values of the masses calculated for the 
two single strands: 30261 u and 30794 u. b) MALDI-TOF mass spectrum of the 7- 
deazapurine containing 99-mer PCR product (sum of twelve single shot spectra). Values of 
the masses calculated for the two single strands: 30224 u and 30750 u 

FIGURE 42: a) MALDI-TOF mass spectrum of the unmodified 200-mer 
PCR product (sum of 30 single shot spectra). The mean value of the masses calculated for 
thetwo single strands (61873 u and 61595 u) is 61734 u. Mass resolution: 28. b) MALDI- 
TOF mass spectrum of 7-deazapurine containing 200-mer PCR product (sum of 30 single 
shot spectra). The mean value of the masses calculated for the two single strands (6 1 772 u 
and 6 1 5 1 4 u) is 6 1 643 u. Mass resolution: 39. 

FIGURE 43: a) MALDI-TOF mass spectrum of 7-deazapurine containing 
1 00-mer PCR product with ribomodified primers. The mean value of the masses calculated 
for the two single strands (30529 u and 3 1095 u) is 308 12 u. b) MALDI-TOF mass 
spectrum of the PCR-product after hydrolytic primer-cleavage. The mean value of the 
masses calculated for the two single strands (25104 u and 25229 u) is 25 167 u. The mean 
value of the cleaved primers (5437 u and 5918 u) is 5677 u 

FIGURE 44 A-D shows the MALDI-TOF mass spectrum of the four 
sequencing ladders obtained from a 39-mer template (SEQ. ID. No. 13), which was 
immobilized to streptavidin beads via a 3* biotinylation. A 14-mer primer (SEQ. ID. NO. 
14) was used in the sequencing. 

FIGURE 45 shows a MALDI-TOF mass spectrum of a solid state 
sequencing of a 78-mer template (SEQ. ID. No. 15), which was immobilized to streptavidin 
beads via a 3' biotinylation. A 18-mer primer (SEQ ID No. 16) and ddGTP were used in 
the sequencing. 

FIGURE 46 shows a scheme in which duplex DNA pmhp<; with sfnplr 



FIGURE 47A-D shows MALDI-TOF mass spectra obtained from a 5' 
fluorescent labeled 23-mer (SEQ. ID. No. 19) annealed to an 3' biotinylated 1 8-mer (SEQ 
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£»*>. 20,, leaving a 5 . bsse overteig wM - aptured a i ^ ^ <seq ^ ^ 

5 ^ jo, cut run on a conventional DNA sequencer. 

ggjgjlsdDescriptjon of rh. J^^^ 

In general, the instant invennYm ^ • j 
detecting a panics nucleic acid seo^Tn" b " T for 
term -biological sample" refers IO ZTT , . * ^ ^ "" d ^ *= 
^animal, *» «* >™S — (e,. 

biological sample should contain a Lwc a^iZ ' 7 T " *" 
biological samples f or use m ^ J™, m ° leCU,e - E ^P'es of appropria* 

biopsies, and biolo Z' " <«* ce„ 
wash). 1 g - ""^ b,ood > saJiva, amniotic fluid, mouth 

NucIeic acid molecules can be isolated fr„ 
usmg a„ y „ f a number of pnK l™'™ bi ° l0giCa ' 

Procedure chosen being appropriable , " """^ 

example, freeze.^ and alkaline P " "* paracular biological sample. For 

0 obtaining nucleic acid molecules fro m „ ! procedures can be useful for 

o^ nucleic acid from b^^^^" n™"*" ~ " »" » 

Springer (1 994)). PCR - CI,lucaI Diagnostics and Research, 

Pe*rm mass £££ " * ^ " » 

amplification procedures* JtaZ TCCeSSi " 7 - ^P'" ° f W*« 

Molecular Coning : A lZ^^ZTZ s"^^ « * ' 

Polymerase chain reaction (PCRUcT^ , ' ' LabOIa, °' 7 Press ' " 8 '>- 
>°°4), iigase ch a in reaction ,5^ ^ T PCK B '° S Publi ^- 

3. PP. 57-64; F. Barany Z, 2 T ^ ' ^ ° " 4) ^Meth^d^pi Vol 
^cation <S» A> (.I « ^ " ' 8 '- 93 

and variations such as RT-PCR .Hieu h ' * * ^ 22 ' 267 °- 77 0 994)) 
--Pec, fi c „„™^ 

a nuc,e,c acid 4^."^^ * °^ ^ 

~e solid support r^tT,^ ^ ^ ° f 

noiv*.th„i— .. ~' — llinui:j - ^PP« am; smconi. capillar,^ „ 

' '" ' PU ' >PrOPy ' e " e ' PO,y ™ dS ' P— — .fluoride 
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(e.g. oligonucleotides or oligonucleotide mimetics). However, the molecular weight 
differences between the detector oligonucleotides D 1 , D2 and D3 must be large enough so 
that simultaneous detection (multiplexing) is possible. This can be achieved either by the 
sequence itself (composition or length) or by the introduction of mass-modifying 
functionalities Ml - M3 into the detector oIigonucleotide.(FIGURE 2) 

Mass modifying moieties can be attached, for instance, to either the 5'^nd 
of the oligonucleotide (Ml), to the nucleobase (or bases) (M2 M \ to the phosphate 
backbone (M3), and to the Imposition of the nucleoside (nucleosides) (M< M*) or/and to 
the terminal 3'-position (M5). Examples of mass modifying moieties include , for example 
a halogen, an azido, or of the type, XR, wherein X is a linking group and R is a mass- ' 
modifying functionality. The mass-modifying functionality can thus be used to introduce 
defined mass increments into the oligonucleotide molecule. 

Here the mass-modifying moiety, M, can be attached either to the 
nucleobase, M- (in case of the 

~.,^o aiov iu ^- / , m ' to ine triphosphate 

group at the alpha phosphate, Ml or to the 2'-position of the sugar ring of the nucleoside 
triphosphate, M 4 and M 6 Furthermore, the mass-modifying functionality can be added so 
as to affect chain termination, such as by attaching it to the 3'-position of the sugar ring in 
the nucleoside triphosphate, M5. For those skilled in the art, it is clear that many 
combinations can serve the purpose of the invention equally well. In the same way those 
skilled in the art will recognize that chain-elongating nucleoside triphosphates can also be 
mass-modified in a similar fashion with numerous variations and combinations in 
functionality and attachment positions. 

Without limiting the scope of the invention, the mass-modification, M, can 
be introduced for X in XR as well as using oligo-Zpolyethylene glycol derivatives for R. 
The mass-modifying increment in this case is 44, i.e. five different mass-modified species 
can be generated by just changing m from 0 to 4 thus adding mass units of 45 (m=0) 89 
(m-1), 133 (m=2), 177 (m=3) and 221 (m=4) to the nucleic acid molecule (e.g. detector 
oligonucleotide (D) or the nucleoside triphosphates (FIGURE 6(C)), respectively). The 
ohgo/polyethylene glycols can also be monoalkylated by a lower alkyl such as methyl 
ethyl, propyl, isopropyl, t-butyl and the like. A selection of linking functionalities, X, 'are 
also illustrated. Other chemistries can be used* in the mass-modified compounds, as for 
example, those described recently in Oligonucleotides and Analogues, A Pr^ti™! 
Approach , F. Eckstein, editor, IRL Press. Oxford, 1991. 

In yet another embodiment, various mass-modifying functionalities, R, other 
35 than oligo/polyethylene elvcols. can be selected * n rf rmarh^ ?r — . 

—ogciio .live . ni ana/ or i, or pseuaonaiogens sucn as SCN. NCb. or nv ns!_m> 
different alkyl, aryl or araikyl mdet.es such as methyl, ethyl, propyl, isopropyl. t-butyl, 
hexyl. phenyl, substituted phenyl, benzyl, or functional groups such as CH->F. CHF 2 , CF 3 , 
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Si(CH 3)3 . Si(CH 3 )2(C 2 H5), SifCHjXCjHO, SifCH , v 

— be chained by anaching homo- or heUp~Z* '„ ^ "^-^^o, 
(e.g. detector m m nuc|eos;de "^Tf <* ««. acid molecule 

modified species with . ^ bcre^f £ K " " «*« -» 

achieved. Simple cligca.n.des aisc ca, be led e e ^ ^ 245 «-«> are 

■mmodified species of a particular reactanTZ** ^ erSCnP ' ° ^ dWignatt *> 
mass-modified species of 4a, reactan. If for e^^ 1 " ' ^ ""'S^* "* 
-ids are t o be concurrently de.ec.ed. then * , *" ™ "»*• f «-tte 

oligonucleotides^ 0l, D i )c!mh ',' "ass-modified detector 

*~« "Wleondes (D) ,L J o^,^^ ^ ° f — ~ 

r>tfi&*™»«* , ^ spectrometry. 

simultaneously de«^ WoT dettC, ° r •"•"»*«■*. can be used to 

•Signing and positioning a detector „r , Bt, ° n ^ * <"«*«<" by 

DN.VRNA polymerase ^^KTT " *" * «"« ' *~ * a ' 
mcorporated during the amplification procesT^ "'" - be 



* pucciii. 

a- PosiUon-speciflcally i^iLZTZ ^T" 0 ^ ***** ^ 
■arg« sequences TI - T„ are preset L \ * ( ** " ' Ch '' P ^ '"ifferen, 

- achieved by emptying appropriate^™ ™ £ ^ ***** Cl ^ ^on 
Dn, which are mass differenced JZZlt ^ D I - 

fim«ionaiiues Ml - Mn. sequences or by mass modifying 

(ICR) and Fourier Transform For E^e si 7"" <ES) ' CyC '° tt °» — — 
buffer, are injected either continuous,; o^d " ™ vo.atile 



smicmr, ^ "** : " " - ve " more aeiaiiea mronnarjon on ,k ,-' 

- - ~ o 00 u«a usmg an MS/MS quadntpole configurate "" "~ '^'" C 
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In MALDI mass spectrometry, various mass analyzers can be used, e g 
magneuc sector/magnetic deflection instruments in single or triple quadruple mode 
(MS/MS), Fourier transform and time-of-flight (TOP) configurations as is known in the an 
of mass spectrometry. For the desorptiorrforuzarion process, numerous matrix/laser 
5 combmations can be used. Ion-trap and reflectron configurations can also be employed 

The mass spectrometry processes described above can be used, for example 
to chagnose any of the more than 3000 genetic diseases currently known (eg hemophilia. ' 
thalassemias, Duchenne Muscular Dystrophy (DMD), Huntington's Disease (HD) 
Alzheimer's D IS ease and Cystic Fibrosis (CF)) or to be identified. 
10 A ^ foIlowi "g Example 3 provides a mass spectrometer method for 

detecting^ mutation (AF508) of the cystic fibrosis transmembrane conductance regulator 
gene (CFTR), which diffprs by only three base pairs (900 daltons) from the wild type of 
CFTR gene. As described further in Example 3, the detection is based on a single-tube 
competitive oligonucleotide single base extension (COSBE) reaction using a pair of 
primers with the 3'-terminal base complementary to either the normal or mutant allele 
Upon hybridization and addition of a polymerase and the nucleoside triphosphate one base 
downstream, only those primers properly annealed (i.e., no 3'-terminal mismatch) are 
extended; products are resolved by molecular weight shifts as determined by matrix 
assisted laser desorption ionization time-of-flight mass spectrometry. For the cystic 
fibrosis AF508 polymorphism, 28-mer •normal' (N) and 30-mer 'mutant' (M) primers 
generate 29- and 31-mers for N and M homozygotes, respectively, and both for 
heterozygotes. Since primer and product molecular weights are relatively low (<l 0 kDa) 
and the mass difference between these are at least that of a single -300 Da nucleotide unit, 
low resolution mstrumentation is suitable for such measurements. 

In addition to mutated genes, which result in genetic disease, certain birth 
defects are the result of chromosomal abnormalities such as Trisomy ? I (Down's 
Syndrome), Trisomy 13 (Patau Syndrome), Trisomy 18 (Edward's Syndrome), Monosomy 

(Tun,cr,s Syndrome) and other sex chromosome aneuploidies such as Klienfelter's 
Syndrome (XXY). 

Further, there is growing evidence that certain DNA sequences may 
predispose an individual to any of a number of diseases such as diabetes, arteriosclerosis 
obesity, various autoimmune diseases and cancer (e.g. colorectal, breast, ovarian lung)- 
chromosomal abnormality (either prenatally or postnatally): or a predisposition to a disease 
or condition (e.g. obesity, artherosclerosis. cancer). Also, the detection of "DNA 
35 fingerprints" e g nnlvmnrrhi^'' <-i'-^ "■■ '■ 

i ne roliowmg hxamnle a provides a mass spedometer method tor 
identifying any of the three different isoforms of human apolipoprotein E, which are coded 
by the E2, E3 and E4 alleles. Here the molecular weights of DNA fragments obtained a ffc~ 
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-id. approprtate resrricuon cndonucIeases _ ^ ^ ^ ^ ^ ^ 

eh m , Dependiog 0n Me biolo « icaJ ^P'=. Ik diagnosis for a genetic disease 

5 2aX M — ° ~ "» eiL pJ^Z. 

Viruses, bacteria, fungi and other infectious organisms contain ,«„• 

284 H985V w • „ u 0 ' SeC Rluaer ' « ■»■• Vol. 313, Pri^ 227- 

284(1985), Wa,nHobson,S.etal,Ce//, Vol. 40:Pp 9-17fl985^v mv o /c ^ 
•L,«««,Vol.321Pn.^OMo.^r.... . I?(I985)) ' ^-2 (See Guyader et 
5 /-u,. , . ' r i-uiupean ratent Publication No 0 269 S?ft- 

5 Chakrabom et al., Nature, Vol. 328, Pp. 543-547 (1 987V an H f. n 

No. 0 655 501); and other isolates such as HIV LP Jim TT" APPUCati0n 

Q 4 /nn^ *<«•«>» sucn as ill V-LP (International Publication No WO 

94/00562 entitled "A Novel Human Immunodeficiency Virus"- Pim, • 7 , 

viruses, hepatitis A virus (Gust. ID « .1 / V ^ ' AewwBW *** ^ PoUo 

f avuus, (.uust, at zl., Intervirology, Vol 20 Pn 1 

(e.g., coroaaviruses); Rhabdoid™ (e g vesicular s,L„,v ^ C ° n "' ov "' , < 4K 

fllovtrldoe (e g ebola v,Wo » aomaow vtruses, rabies viruses); 

virus measles ' vin^ ^ ^"^"^ («*• Pa-influenza viruses. mumps 

vuus, measles vuus, resp,ra,ory syncytial virus); Onhomyxoviridae (e g tafluenza 

v^), Arena vndae (hemorrhagic fever viruses); RcoVrUae (e.g., reoviruses - 

(parvoviruses); W«. (papilloma viruses, polyoma viruly 

v*;:c; (raost ade ™* « v, L 2 

Vm,S ' Cy, ° m = 8a, °^ < CMV >. /W,^ (variola ' 

ln"f Z h ^ (e ' 8 " * e eti ° ,0giCa ' a8 " K -cephalopathies^ 

of 1a p" '° * 3 dCfeC,iVS M,dliK B virus' me agents 

•f~-A. no„-B hepatitis (class I - internally Emitted; Cass 2 - parenteral 
Mummed ne Hepatitis C): Norwallc ,„d ,,v, , . . ' 



■»««•*■» oactena inc.uae: riacoaaarr „ 



ourgaorjen. Legionella pneumophila. Mycobacteria sns (e * M „Y "" 
M. intracellular, M. kansaii M gordonae) ZJk l ^erculosis. M. avium. 

jvt. goraonae). Staphylococcus aureus. Neisseria 
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gonorrhoeae, Neisseria meningitidis. Listeria monocytogenes, Streptococcus pyogenes 
(Group A Streptococcus), Streptococcus agalactiae (Group B Streptococcus), 
Streptococcus (viridans group), Streptococcus faecalis. Streptococcus bovis. Streptococcus 
(anaerobic sps.), Streptococcus pneumoniae, pathogenic Campylobacter sp., Emerococcus 
sp., Haemophilus influenzae, Bacillus antracis, corynebacterium diphtherial 
corynebacteriumsp., Erysipelothrix rhusiopathiae. Clostridium perfringers. Clostridium 
tetani, Enterobacter aerogenes, Klebsiella pneumoniae. Pasturella multocida, Bacteroides 
sp., Fusobacterium nucleatum, Streptobacillus moniliformis, Treponema pallidium, 
Treponema pertenue, Leptospira, and Actinomyces israelii. 

Examples of infectious fungi include: Cryptococcus neoformans, 
Histoplasma capsulatum, Coccidioides immitis, Blastomyces dermatitidis, Chlamydia 
trachomatis, Candida albicans. Other infectious organisms (i.e., protists) include: 
Plasmodium falcinarum 

" A ' — — ■" * w** «« »u ^wr»M«(. 

The following Example 5 provides a nested PCR and mass spectrometer 
based method that was used to detect hepatitis B virus (HB V) DNA in blood samples. 
Similarly, other blood-borne viruses (e.g., HTV-1, HIV-2, hepatitis C virus (HCV), hepatitis 
A virus (HAV) and other hepatitis viruses (e.g., non-A-non-B hepatitis, hepatitis G, hepatits 
E), cytomegalovirus, and herpes simplex virus (HS V)) can be detected each alone or in 
combination based on the methods described herein. 

Since the sequence of about 16 nucleotides is specific on statistical grounds 
(even for a genome as large as the human genome), relatively short nucleic acid sequences 
can be used to detect normal and defective genes in higher organisms and to detect 
infectious microorganisms (e.g. bacteria, fungi, protists and yeast) and viruses. DNA 
sequences can even serve as a fingerprint for detection of different individuals within the 
same species. (Thompson, J.S. and M.W. Thompson, eds., Genetics in Medicine w.B. 
Saunders Co., Philadelphia, PA (1986). 



One process for detecting a wildtype (Dwt) and/ or a mutant (Dmut) 
sequence in a target (T) nucleic acid molecule is shown in Figure 1 C. A specific capture 
sequence (C) is attached to a solid support (ss) via a spacer (S). In addition, the capture 
sequence is chosen to specifically interact with a complementary sequence on the target 
35 sequence (T\ the target capture site CTCS"> to he detected thmueH u- u, r : v. . t7 . 

^:e„ Ui ^ v^-iiuu. uiuuueu . Do can oc uisunguisnea rrorn wiiarype ov mass spectrometry 
For example, in the case of an adenine base (dA) insertion, the difference m molecular 
weights between Dwt and Dmut would be about 314 daltons. 
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Preferably, the detector nucleic ariH /t-» • j - 
wouJd be in the middle of the molecule a7d Z « , ^ "* ™-*» 

-bie hybrid would no, be i^^^T* " ^ » *» » 

detected if the mutated detector oligonucleotide ^ ^ ^ "T °" ^ * 
™^ position is used for hybridization ir. . • »«<*ing base at the 

sample is heterozygous for J ^ ' ^ ^ ^ 3 bi< "° 8ia < 
Dw. and Dm „, ^ ^ J" ap ^^ d '- 77 <-* Dwt and Dmut), ^ 
Dwt and Dmut „ deKcMd sim „ — " ^ — ««. allows bod, 

The process of this invention makes use „f ,h. u 
of to target sequence and known mutation ste 1 ™ 

detected. For examp.e, as shown in FIG^TC n "" ati ° nS M *» *« 

~i , ^ rAUUKt <>, transaction of a - , 

"™"™ TOm 2 biological sample can be specificallv a-' 7" " lm>,ecu ' e 

and the fragments captured on a solid sunrTc!^ f " US "' 8 °° e ° r m ° re ""*«« 

captured target sequences provide information on ^eler * "* 

Present Alternatively, DNA can be cleaverf T ™'" to!,n, ««' ™«ion 

form a mixntre of fraJen B cZnrtt l\ °" *~ Bfc Nucleases to 

°-'^~estu^ 

which shouid not Cn^elt; " ^ * 

Terences (inc,^ m ^ ^° n8 » "* ^ «— of a,! cited 

Ending intemati ^^ZZZ T ^ 

app.ica.ion Publication Number WO Zn lS 22^Zt7Z T 
Speorometry Via Exonuciease Degradation" bv H T Se " u< ™™S ^ Mass 

applications, (including U S Patent , ^ ^ ^""^ P— 

appLcation are hereby expressly incoZted by reX^ ^ M > 



■vnuiesis w nn , , mc nr rh „ n „ r nr, ... " -uuiuaru oligonucleotide 
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(1994)) and TAC N-protecting groups (Koster et al., Tetrahedron, 32, 36? (i 98 1)) was 

performed to synthesize a 3'-T 5 -50mer oligonucleotide sequence in which 50 nucleotides 

are complementary to a "hypothetical" 50mer sequence. T 5 serves as a spacer 

Deprotection with saturated ammonia in methanol at room temperature for 2 hours 

furmshed according to the determination of the DMT group CPG which contained about 10 

umol55mer/ g CPG. This 55mer served as a template for hybridizations with a 26mer (J* 

5 -DMT group) and a 40mer (without DMT group). The reaction volume is 1 00 ul and 

contams about Inmol CPG bound 55mer as template, an equimolar amount of 

obgonucleotide in solution (26mer or 40mer) in 20mM Tris-HCI, pH 7.5, 10 mM MgCI, 

and 25mM NaCI. The mixture was heated for 10" at 65°C and cooled to 37°C during 30' 

(annealing). The ohgonucleotide which has not been hybridized to the polymer-bound 

template were removed by centrifugation andithree subsequent washing/centrifugation - - 

steps with 100 ul each ofice-cold 50mM ammoniumcitrate. The beads were air-dried and 

mixed with matrix solution (3-hydroxvDicolinic a HH/i n™iu , : •. . . 

- * * w**»*t A uiiiiiiuujuiii citrate in 

acetonitril/water, 1:1), and analyzed by MALDI-TOF mass spectrometry. The results are 
presented in Figures 10 and 1 1 



Example 2 Electrosprav (F.S) desomrinn ,nj differentiannn n f,. ip 



mer and 19-m<»r 



DNA fragments at a concentration of 50 pmole/ul in 2-propanoI/10mM 
ammomumcarbonate (1/9, v/v) were analyzed simultaneously by an electrosprav mass 
spectrometer. 

The successful desorption and differentiation of an 1 8-mer and 19-mer by 
electrospray mass spectrometry is shown in FIGURE 12. 

EX3mpIe 3 Paction °f The Cystic Fibrosis Muta tion. AFSOS c, n g , e sten rfiH ^ vl/ 
extension and analysis hv M ALDf-TOF m ass spectrometry 

MATERIALS AND METHODS 

PCR Amplification and Strand Immobilization. Amplification was carried 
out with exon 10 specific primers using standard PCR conditions (30 cycles: l'@95°C, 
r@55°C, 2 , @72°C): the reverse primer was 5' labelled with biotin and column purified 
(Ohgopurification Cartridge, Cruachem). After amplification the PCR products were 
purified by column separation fQiagen Quickspin) and immohni7rH ™ 



' rr Ji - : " 11 ~'-" — • .^ucu wun ,Nauti. ixd-Vv ourrer ana IL 

ualicr 10 remove the non-biotinylated sense strand. 
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COSBE Conditions. The beads containing heated an ric 
resiKnenH«linit i <- D "uuiung ugated anusensc strand were 

^suspended in 18ul of Reaction mix I (2 p.] 1 OX Taq buffer I uL (I unirl To, 
2 uL of 2 mM dGTP and 13 m a „w u 7 ( } Taq PoI ynierase, 

ir ' 31141 1J ML H2O) and incubated at 80°C for k-^ iL 
Reaciton mix 2 (100 ne each ofm^P ™ at 8U <~ *°r 5 before the addition of 

in 25mM tHeth^onitnn _ (XEAA) f „„ owed ^^Z^: ^ 
Bin™ c ^mer Sequences. Ail prime* were synthesized on a Perseptive 

containing an intentionai mismatch one base before ^3 te^ ! """" ^ 
previous ARMS s^y (Ferrie « a,.. (I992) J^^™ f - " 3 

-epfion that*™ bases were removed ^ ^ s^™'™' W * - ; 

5 Ex 1 0 PGR (Forward): 5-BIO-GC A AGT GAA TP r ty- a -r^ 

No. 3) CAT ^ CAC CAC a-3- (28-mer) (SE Q I D 

COSBE AF508-M 5*-GTA TCT ATA TTr AT rm ^ 
. ID No. 4) ° ATC ^ AC C ATT-3- (30-mer) (SEQ 

nuxed on a sample target and allowed to air dry Up to iTJlZ > ^ 

for introduction into the source reg7o„ £ ^£ « 3 

(formerly Finnigan) Visions 2000 MALDI-TOF openJZTfl^ B '°*nalys ls 
kVonthetarPer^nH^ • , operated in reflectron mode with 5 and 20 

uu uie target and conversion dynode resnertiwi*, tu • . 

weigh. (MKcaic), were ^^^^^7^ ^T" 
eM '° ^ ^ ™ — — - the ,e„ 



C8508 * 



,„„ „ UP °" am,ea " ng IO * e b ° Und *« N and M Drim ,~ 



« v na,rs unn rn, ; -r~™._ ^ . ' ™ uc — ' U!C polymerase. 

" ~ U ^ U1 ,s exte nded to a 8837.9 Da product (N+l). 
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Likewise, if V is properly matched to the M terminus, M is extended to a 9477.3 Da M+l 
product. 

Results 

Figures 14-18 show the representative mass spectra of COSBE reaction 
products. Better results were obtained when PCR products were purified before the 
biotinylated anti-sense strand was bound 

Exam P ,e 4 Differentiation of Human Apoliponmtein E Isoforms hv Mass Sn^m. m ^ 

Apolipoprotein E (Apo E). a protein component of lipoproteins, plays an 
essential role in lipid metabolism. For example, it is involved with cholesterol transport, 
metabolism of lipoprotein particles, immunoregulation and activation of a number of 

liDolvtic en7vniM 

* * - — j — 



There are three common isofonns of human Apo E (coded by E2, E3 and E4 
alleles). The most common is the E3 allele. The E2 allele has been shown to decrease the 
cholesterol level in plasma and therefore may have a protective effect against the 
development of atherosclerosis. Finally, the E4 isofonn has been correlated with increased 
20 levels of cholesterol conferring predisposition to atherosclerosis. Therefore, the identity of 
the apo E allele of a particular individual is an important determinant of risk for the 
development of cardiovascular disease. 

As shown in Figure 19, a sample of DNA encoding apolipoprotein E can be 
25 obtained from a subject, amplified (e.g. via PCR); and the PCR product can be digested 
using an appropriate enzyme (e.g. Cfol). The restriction digest obtained can then be 
analyzed by a variety of means. As shown in Figure 20, the three isotypes of 
apolipoprotein E (E2, E3 and E4 have different nucleic acid sequences and therefore also 
have distinguishable molecular weight values. 



As shown in Figure 21 A-C different Apolipoprotein E genotypes exhibit 
different restriction patterns in a 3.5% MetPhor Agarose Gel or 12% polyacrylamide gel. 
As shown in Figures 22 and 23, the various apolipoprotein E genotypes can also be 
accurately and rapidly determined by mass spectrometry. 



MATERIALS AND METHODS 
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Sample preparation 

Phenol/choiofonn extraction of viraJDNAanHth-r . u , 
was done according to standard protocols C ° P^'P'^on 

5 First PCR: 

Each reaction was performed with 5ul of the nw a 
15 pmol of each primer and 2 units Tao DNa , Preparation from serum. 

Germany) were used Z finT ^ ^ W «*»adt, 

10 100 mM Tris-HCl, pH 8 3 500 mM KC1 ^ Wamadt * stained 

Primer sequences: 8J ' 5 ° 0mMKC1 ' 15 »M MgCl 2 , 0.01% gelatine (w/v). 

Primer 1: 5'-GCTTTGGGGCATGGACATTGACCCGTATAA- 3 • r« n rn : ' 
15 Nested PPP ■ 

200 MM of each dNTPs and 5 ul mT£ ""j"""* °=™y). • final concentration of 

Heidelberg, Cerm^' ^^tZ^^ "T" ^ <St ~ 
a .hermocycler (OmniOcne. MWG-Biotech EbeTh ^ PCTf<>rn,<:d fa 

program: 92'C for 1 minute 60=C f„ r T ^ ^ Mny> feUowi »8 

1 «unuie, ou c tor 1 minute and 10°r i 

HBV13: 5'-TTGCCTGAGTGCAGTATGGT-3 • 

Purification »fP<~p prnr[)1| , 
10 , 

aescrib^ abov^^ ™ScT h ^7" ' °* 5 ° » 
Ultraf„ M ,i on „L dtTul ^ Ui^Jc n"' *° f °" OWi " S 

Germany) according UIn fr MC filtra "° n (Mil.ipore, Eschbom, 

minu.es JZ£ 1 T 1 """"" -"^^.ion at 8000 tpm for 20 

iuics. o M J (lOpg/ M J)streptavidinDynabeadsrDvn a l u ^ H 
> P-pared according to the i nsm e,i„„ s _f ^ Z^" 8 ' 0en ™^> — 

f ♦ 

~ unit ana me mixture v.^ ,r,^. 

waking ior o rmnutes at ambient temperature Th. , ~ W1Ln S entle 

Eppendorf tube and the supernatant I „ ^ in a 15 ml 

me supernatant was removed w,th the aid of a Masnetic Part.cle " 
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Collar, MFC. (Dynal, Hamburg, Germany). The beads we. washed twice with 50 u , of 

1"T°7 S ° hUi0n - PH 8 0 «» «P—» — -moved each time using 

*e MPC). Cleavage from the beads can be accomplished by using formamide a, 90°C 

^"«P«^twasdriedinaspeedvacforalx,«anl MU rand TO uspe nd edi n 4ul 0 f ' 
used for MALDI-TOF MS analysis. 

MAT.Di-TOF MS- 

Haifa microliterofthe sample was pipetted onto the sample holder then 
.0 unmed,ate,y nuxed with 0.5 ul tnatnx solution (0.7 M3-hvdroxypicolinic acid s£ 

acetorutnle, 70 mM ammonium citrate). This mixture was dried a, ambient temperature 
and mtroduced into the ^ass spectrometer. - Al, specti* were taken m positive ioZT 
usmg a Fmmgan MAT Vision 2000 (Finnigan MAT, Bremen, Germany), equipped w*h a 
reneclion(5keVionsource.20k=Vn„c„™.._„-..v._ J .,.. H PP ^ Wth a 

i c ,.„.., _. . ■■ **iiu a j j i run nitrogen laser. 

w,* afferent laser energ,es. In the negative samples, the PCR product was detected 
ne,ther wtth .less nor with higher laser energies, to the positive samples the PCR product 
was deleted at different places of the sample spot and also with varying laser ene^t 

20 Results 

A nested PCR system was used for the detection of HB V DNA in blood 
samples employing oligonucleotides complementary to the c region of the HB V genome 
Cpnmcr 1; beginning at map position 1763, primer 2 beginning at map position 2032 of the 
complementary strand) encoding the HB V core antigen (HBVcAg). DNA was isolated 
from pauen^ serum according to standard protocols. A first PCR was performed with the 
DNA from these preparations using a first set of primers. If HBV DNA was present in the 
sample a DNA fragment of 269 bp was generated. 

, n .... u In ^ e SCCOnd reaction - P ri ^ which w ere complementary to a region 
30 w lt hm the PCR fragment generated in the first PCR were used. If HBVrelated PCR 

products were present in the first PCR a DNA fragment of 67 bp was generated (see Fig 
25A) xn Uus nested PCR. The usage of a nested PCR system for detection provides a high 
sensitivity and also serves as a specificity control for the external PCR (Rolfs A et al 

15 ,7T ? mCaJ Diagn0StiCS ReSCarch ' S *>™^- Heidelberg, 1992). A further advantage 
mat ™ e amount of fragments generated in the srmnrf Prp u-.„u , 



- -~.P^, *ere purnieu usmg uuranitration io remove me nnm^rc „. 
immob.hzat.ori on strcptavidin Dynabeads. This purificat.on was done because the' 
shorter pnmer fragments were immobilized in higher yield on the beads due to steric 
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(1993) Nucleic Acids Res 21 -319M 19« £ PWf ™° n (Keta. U. « 

5 1 -** 2s% ■** ^-leXr ™ N : r c,caved fiom 
shon ^ but d - - ~* «- - oft ^ ta a ^ 

The nested PCRs and the MALDr top . 
knowing the results of serological analysis D„. t u * perfonned 

-- —mra wno ^ HBV positive in . dot blot ^ . "I" " uuecnon ^ « massive 
sample Aerefote n0 social Jul, V P 3 " 3 denan ^ — . 

*- « indict, „ V e r disease wL ^" ^ " ° f 

HBV utfecnon. „, ^ „ rf *~. — evidence of 

20 *«»"—. to even low-!evel counts of P« D ^ " 

purification procedure. Sample 4 was from ^ be detCCttd "* 

S-ples 5 and 6 were collect f^nts ™° ~ d ° f ™ V infect. 

Figure 24 shows the Jults of a PAG E 7 ™ V 
A PCR product b cirariy ^ ^ * ° f «*« » of the nested PCR .action. 

25 was ^crated. " & indeed HBV neeative „ Sample 4 n ° PCR P™*** 

and positive controU are indica,ed T + 1 1 ^ " 1" ~ 
visible' in lanes 2. 5, 6 and + if „ on ^ u ^ ttm T ' ^ Am " ,ifatio " -facts are 
^crated if the temp,ate was used ^ 1 d T 7 ^ Ttae « 
de.ec.ble if tne template was no d"u e d ^ ^ ^ 3 ' PCR P»*« was only 

Figure 25 A shows a mass spectrum f bussed above, 

"^ber , derated and purged as ^LTvi ™ 7" *" -** 

*ngle Shaded PCR product (calculated- 20735 Da. , ' " 2 ° 75 " Da «* 
■he PCR produc , eleaved fe • 5 Da - « "he average mass of both strands of 

" cassis l9DaW/ , As shown 3 ^^'^--f ca,cu,a,ed and obtatned 

ofprr> ... : ....... n S- -M, sample numher 1 i T f . n( ,^,„ i . ,. 



— - tne amonn, ~» oro ..... " uul iamDle nurnoer _« + s n™**, ... 

. "- 1V Hiwuuti generated in this serrmn • • --r-— ... 

*- number 1. Nc verthe,es, me PCR ^^^2^7^ 
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20751 Da (calculated 20735). The mass difference is 16 Da (0.08%). The spectrum 
dep,cted m Fig. 25C was obtained from sample number 4 which is HB V negative (as is also 
shown in F.g 24). As expected no signals corresponding to the PCR product could be 
detected All samples shown in Fig. 25 were analyzed with MALDI-TOF MS whereby 
PCR product was detected in all HBV positive samples, but not in the HB V negative 
samples. These results were reproduced in several independent experiments. 

EX3mpIe6 Analysis of T.iVase Chain IWn pn Pmdnrt. v;. MAT Df-TOF ^ 
Spectrometry 

MATERIALS AND METHODS 

Oligodeoxynucleotides 

Except the biotinvlated 

" wiaguuuticuuaes were synthesized 

m a 02 umol scale on a MilliGen 7500 DNA Synthesizer (Millipore. Bedford. MA USA) 
usmg the p^cyanoethylphosphoamidite method (Sinha. N.D. et al., (1984) Nucleic Acids 
Res., Vol. 12, Pp. 4539-4577). The oligodeoxynucleotides were RP-HPLC- P urified and 
deprotectedaccording to standard protocols. The biotinylated oligodeoxynucleotide was 
purchased (HPLC-purified) fiom Biometra, Gottingen, Germany). 

Sequences and calculated masses of the oligonucleotides used- 

OligodeoxynucleotideA: 5 ■ -p-TTGTGCCACGCGGTTGGGAATGTA (752 1 Da X SEQ ID 
No. 9) v 

Oligodeoxynucleotide B: 5 • -p-AGCAACGACTGTTTGCCCGCCAGTTG (7948 Da) (SEQ 
25 ID No. 10) 

Oligodeoxynucleotide C: 5 - -bio-TACATTCCCAACCGCGTGGCACAAC (7960 Da) (SEQ 
ID No. II) ^ 



15 



20 



Oligodeoxynucleotide D: 5 • -p - AACTGGCGGGCAAACAGTCGTTGCT (7708 Da) (SEQ ID 
No. 12) 



30 



35 



5 '-Phosphorylation of oligonucleotides A and D 

This was performed with polynucleotide kinase (Boehringer, Mannheim 
German) according to published procedures, the S'-phosphorylated olieonucleotides were 
used unpurified for LCR. 



..- pcnormeu vwm , tu Uts^ u»zase ana a aease cnain reaction * 

^tratagene, Heidelberg. Germany) containing two different pBluescnpt KII phagerruds. 
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One carrying the wildtype fonn of the E.coli loci eene and rh .u 

genewithasinglepoint.uta.on.bp 19I of ^ ' ^ « "* 

The foJlowing LCR conditions were used for mpIi 
DN A(0 .74 fe „ 0 ^ J00pgM ^^ o 100pg,en, platt 

5 <*ch S'-phosphorylated oligonucleotide 20 n* ^TZn r T ' "* °' 3 Pm0l) of 
oligonucleotide, 4 V Pfu DNA liaase in.fi ^ f ' *** n °"-P to =P'>o-yIa t ed 

chemica,l y Resize , ZZ^ ^i ^7"^ * »°" «™' a 
also biotinylated. ^ rea^^^nied h " fcCaS1 °' ig0 C «• 

' 0 Biotech, Ebersberg, OennanyT^ B " (OmniGene, MWG- 

K«W-d oligonucleotides revealed the s^e " ^ 
wereanalyzedonXSV.^,..™.,.-:,. . * «l«Tophorenc results. The reaction, 

FretuToe^uf ™ Pa *™ d °" - SMARTS. 

(-e as A. b j , Cac" " M 1*° « 8 °> - *** » 

a gradient was appIied ^ o^t^ ™ ' «~ « -50 u 
minutes and held at 1 00% R for ^ m • ♦ T minutes, then increased to 1 00% B in 2 

Sample preparation for MALDf-TOF-MS 

■^TnV„c,. pH ,5, l m M ED ^MHaCTot di ' U " ™™'C>0 
DynaBeads (D.vnal, Hamburg, Germany"!^ ^ ^ ' StrePtaVid '" 
S^eshaWng for ,5 minutes a, ambient em« n * '° bM W " h 

a Magnetic Particle Collector, MPC O^TZT' ™' SUpe ™"' ™oved using 

washed twice with 50 ul of 0 7 M ^' °™ ny) Md * e were 

wttniou I of 0.7 M ammonium citrate solution ( D H S ow,h. 
removed each time usine the MPO Th. >. j uon <P M s 0 ) Mie supernatant was 

(MilliQ, Milhpore. Bedford. Z !',^ ZT.™"™ 9 "** « W of ultrapure waKr 



...snuuo,. v. uiowiimoon- ana strenrav*.. i .. — 

■ curaing ot spectrum two LCRs tn«-F„~. j J ' J """™' ™'»' 
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(Millipore, Eschborn, Gennany) according to the instructions of the manufacturer. After 
concentration the samples were washed with 300 ul lx B/W buffer to streptavidin 
DynaBeads were added. The beads were washed once on the Ultrafree-MC filtration unit 
with 300 pi of lx B/W buffer and processed as described above. The beads were 
resuspended in 30 to 50 ul of lx B/W buffer and transferred in a 1.5 ml Eppendorf tube. 
The supernatant was removed and the beads were washed twice with 50 ul of 0.7 M 
ammonium citrate (pH 8.0). Finally, the beads were washed once witbJO ul of acetone and 
resuspended in 1 ul of ultrapure water. The ligation mixture after immobilization on the 
beads was used for MALDS-TOF-MS analysis as described below. 

MALDI- TOF-MS 

A suspension of streptavidin-coated magnetic beads with the immobilized 
DNA was pipetted onto the sample holder, then immediately mixed with 0.5 ul matrix 

solution (0.7 M 3-hydroxypicolinic acid in 50% arftnnitriu 7C\~,\a •- . 

This mixture was dried at ambient temperature and introduced into the mass spectrometer. 
All spectra were taken in positive ion mode using a Finnigan MAT Vision 2000 (Finnigan 
MAT, Bremen, Germany), equipped with a reflectron (5 keV ion source, 20 keV 
postacceleration) and a nitrogen laser (337 nm). For the analysis of Pfix DNA ligase 0.5 ul 
of the solution was mixed on the sample holder with 1 ul of matrix solution and prepared as 
described above. For the analysis of unpurified LCRs 1 ul of an LCR was mixed with 1 ul 
matrix solution. 



RESULTS AND DISCUSSION 

The £. coli lad gene served as a simple model system to investigate the 
suitability of MALDI-TOF-MS as detection method for products generated in ligase chain 
reactions. This template system consists of an Ecoli lad wildtype gene in a pBluescript 
KII phagemid and an E. coli lad gene carrying a single point mutation at bp 191 (C to T 
transition) in the same phagemid. Four different oligonucleotides were used, which were 
ligated only if the E. coli lad wildtype gene was present (Figure 26). 

LCR conditions were optimized using Pfu DNA ligase to obtain at least 1 
pmol ligation product in each positive reaction. The ligation reactions were analyzed by 
polyacryiamide gel electrophoresis (PAGE) and HPLC on the SMART system (Figures 27, 
28 and 29). Figure 27 shows a PAGE of a positive LCR with wildtype template (lane 1), a 
negative LCR with mutant template (1 and 2) and a negative control which contains 
35 enzyme, oligonucleotides and no template The eel electrophoresis r}^ T U- show 



-•:ir.c: .... ^aiimil^ uic poini muiauon nor int.- control reaction witn salmon sperm 

UNA generated amplification products. In Figure 28, HPLC was used to analyze two 
pooled LCRs with wildtype template performed under the same conditions. The ligation 
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»<^ve LCfc wim mutant template were analyzed Th I 

- show, in Fi8ure 27 md ^ ^X^ ly t ma ' 08ramS COnfi ™ ^ 
generates ligation product, m a significant *« - system 

5 provided. y 11 toe ^Wtype template is 

«*« cotnpoSowrriTcr ,o — *» **» 

o U gonucleoud« ( A.B C IndD, ! CXPCTmratS - ^ «w 

o '^"'^-a™ 0 ). a synthetic ds50-mer (with «... 

ligation product). ^ ^ w m <* <»"b *e same sequence as the 

1" °NA lipase in ligation bufleT * ^ "»» DN * and the ffi. 

-Con can * « ^-TOF MS^^ * ^ * "* 

- aliouots of ,he ZJS^Z^S? «~ — "* (Fi.Se 30A, 

* signals in the unpurified LCR " j " '• necessary since all 

analysis of the £ DNA E^TZ^ ? m - MAUH-TOM* 

Product are 752 ,1 ^ ^ " ^ ^ 

enzyme solution !eads to mass si^^TJ J m ^ 3 ° Sh ° W me 

ligation educts and producTand u^w ° f * 

1 tapossibie. FurmeLre h "f" " — ^ assignment 

of *e enzyme ^t^E^LT T" ^ deter ^ e "' Tween20 being part 

As was show. L^C^e Z T"""^ ~» 
Crick base painng to .^S^^ or "DNA immobilized by Watson- 

Possibje and the non-biotinylted ^d T ' T" " *° ^ * 

O^M-fcfcA** 2J . 3 12M W " " deSOrbed ly (Tang, K e, al., 

<~ on,y the non-biotinyld Z^Z^ * ^ 

with a calculated mass of 752 1 Da. ^2 r """""gated oligonucleotide A. 

(calculated mass: ,5450 Da) wint de S Jh T " " * ^ 8 

— i^ns.eptavid^^^^ 

identification of the LCR educts and products " —"'8— 
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corresponds to the ligation product could be detected. The agreement between the 
calculated and the experimentally found mass values is remarkable and allows an 
unambiguous peak assignment and accurate detection of the ligation product. In contrast, 
no ligation product but only oligo A could be detected in the spectrum obtained from two 
pooled LCRs with mutated template (Figure 3 IB). The specificity and selectivity of the 
LCR conditions and the sensitivity of the MALDI-TOF detection is further demonstrated 
when performing the ligation reaction in the absence of a specific template. Figure 32 
shows a spectrum obtained from two pooled LCRs in which only salmon sperm DNA was 
used as a negative control, only oligo A could be detected, as expected. 

While the results shown in Figure 3 1 A can be correlated to lane 1 of the gel 
in Figure 27, the spectrum shown in Figure 3 IB is equivalent to lane 2 in Figure 27, and 
finally also the spectrum in Figure 32 corresponds to lane 3 in Figure 27. The results are in 
congruence with the HPLC analysis presented in Figures 28 and 29. While both gel 
electrophoresis (Figure 27) and HPLC fFisures 28 

— x w / -• — • .* wAkMWA Ull WACCOJ \Jl dXHHJbl 

equal amounts of ligation product over ligation educts. the analysis by MALDI-TOF mass 
spectrometry produces a smaller signal for the ligation product (Figure 31 A). 

The lower intensity of the ligation product signal could be due to different 
desorption/ionizarion efficiencies between 24- and a 50-mer. Since the T m value of a 
duplex with 50 compared to 24 base pairs is significantly higher, more 24-mer could be 
20 desorbed. A reduction in signal intensity can also result from a higher degree of 
fragmentation in case of the longer oligonucleotides. 

Regardless of the purification with streptavidin DynaBeads, Figure 32 
reveals traces of Tween20 in the region around 2000 Da. Substances with a viscous 
consistence, negatively influence the process of crystallization and therefore can be 
detrimental to mass spectrometer analysis. Tween20 and also glycerol which are part of 
enzyme storage buffers therefore should be removed entirely prior to mass spectrometer 
analysis. For this reason an improved purification procedure which includes an additional 
ultrafiltration step prior to treatment with DynaBeads was investigated. Indeed, this sample 
purification resulted in a significant improvement of MALDI-TOF mass spectrometric 
30 performance. 

Figure 33 shows spectra obtained from two pooled positive (33A) and 
negative (33 B) LCRs, respectively. The positive reaction was performed with a chemically 
synthesized, single strand 50mer as template with a sequence equivalent to the ligation 
product of oligo C and D. Oligo C was 5'-biotinyIated. Therefore the template was not 
35 detected. As expected, onlv the ligation product of Oligo A and B (calculated mn^. i <u*o 

--iicrait,^. . . ,. . ^aumeiu u rspreseiueu ox me masi :>.,'. ui . -—.ft ua in rigure jja 
Compared to Figure 3 2 A. thus spectrum clearly shows that this method of sample 
preparation produces signals with unproved resolution and intensity. 
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EXamP ' e7 M ~^"" hr -mii r Jii^^^^. 

^ Summary 

The solid-phase oligo base extension method d«~tc ~- 
small deleuons as well as small fa " TT"*™ ^ 

=«ension of a de,ecion pnm er ^ ^ ^ - ^e d on .he 

affini.ycap.ued DNA ""vlr ~° de P ° Siti0n °° - 

10 «d d» missing one didesoxy nucleotide The n^^T 3 " 

by MALW.T0F mass vmmy wirtouT^Tlr "* ^ reSol - d 

manner. aty P e m a fast and reliable 

i s 

description of the experiment 

wilrtype alleles which can be easi ly revived ** mUtam " 

m«hod is described by using an exam* die exo^of * ^ ™» 
> gene bea* the mos. conunon mutation in many Jn CFTR -g««- Exon 10 of this 

•^gous s»te ,„ the clinical ^Z^'ZZ ^ ** " 

MATERIALS AND METHODS 
Genomic DNA 

sequencing. e confl nned by standard Sanger 

PCR amplification of exon 10 of the CFTR gene 

rr.* ^ PrimerS f ° r PCR ampliation were CFExlO F d 

GC AAGTG AATCCTGAGCGTG-3 ' (SEO ID No nil , 

and CFExlO-R (5'-GTGTGAAGGGCGTG-3 (SEO dTIZ ^ ' ^ 

PWrs were used in a concentrate of S ^o Z ZlyL ^ ^ ^ 

P-hased from Boehringer-Manrmeim and d^I ZZ oZZ 7 p7 ^ ^ ^ 
total reacrJon . obtained from Pharmacia The 

■-tension tim eor ;> min ar ^*?<v Wiln a nnai 
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Purification of the PCR products 

Amplification products were purified by using Qiagen's PCR purification kit 
(No. 28106) according to manufacturer's instructions. The elution of the purified products 
from the column was done in 50 ul TE-buffer (1 OmM Tris, 1 mM EDTA, pH 7,5). 

Affinity-capture and denatwation of the double stranded DNA 
10 uL aliquots of the purified PCR product were transferred to one well of a 
streptavidin-coated microliter plate (No. 1645684 Boehringer-Mannheim or Noo. 95029262 
Labsystems). Subsequently, 10 ul incubation buffer (80 mM sodium phosphate 400 mM 
NaCI, 0,4% Tween20, pH 7,5) and 30 ul water were added. After incubation for 1 hour at 
room temperature the wells were washed three times with 200ul washing buffer (40 mM 
Tris, 1 mM EDTA, 50 mM NaCI, 0.1% Tween 20, pH8,8). To denaturate the double 
stranded DNA the wells were treated with 100 ul of a 50 mM NaOH solution for 3 min. 
Hence, the wells were washed three time*; umh ?nn ..i „«c»,;.,„ u..*r„ 

f— * "Udiuiig UU11U. 

Oligo base extension reaction 

The annealing of 25 pmol detection primer (CF508: 
5'CT AT ATTC ATC ATAGGAAAC ACC A-3 ' (SEQ ID No. 15) was performed in 50 ul 
annealing buffer (20 mM Tris, 10 mM KC1, 10 mM (NH^SO* 2 mM MgSO, 1% Triton 
X-100, pH 8, J5) at 50°C for 10 min. The wells were washed three times with 200 ul 
washing buffer and oncein 200 ul TE buffer. The extension reaction was performed by 
using some components of the DNA sequencing kit from USB (No' 70770) and dNTPs or 
ddNTPs from Pharmacia. The total reaction volume was 45 ul, consisting of 21 ul water, 
6 ul Sequenase-buffer, 3 ul 10 mM DTT solution, 4,5 ul, 0,5 mM of three dNTPs, 4,5 ul, 2 
mM the missing one ddNTP, 5,5 ul glycerol enzyme diluton buffer, 0,25 ul Sequence 2.0, 
and 0,25 pyrophosphatase. The reaction was pipetted on ice and then incubated for 15 min 
at room temperature and for 5 min at 37°C. Hence, the wells were washed three times with 
200 ul washing buffer and once with 60 ul of a 70 mM NH 4 -Citrate solution. 

Denaturation and precipitation of the extended primer 
The extended primer was denatured in 50 ul 10%-DMSO 
(dimethylsufoxide) in water at 80°C for 10 min. For precipitation, 10 ul NH4-Acetat (pH 
6,5), 0,5 ul glycogen (10 mg/ml water, Sigma No. G1765). and 100 ul absolute ethanol 
were added to the supernatant and incubated for 1 hour at room temperature. After 
centrifugation at 13.000 2 for 10 min the pellet 



Sample preparation and analysis on M4LDI-TOF mass spectrometry 
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Sample preparation was performed by mixing 0,3 uj of each of m ^ 

o. 07 M : ,T X 

^ CTlT^ DNA/8lyCOgM <*"« « ' «** «~ -d avowed to 
atr dry. Up to 20 samples were spotted on a probe org,, disk for introduction into the 

MALDI TOF operated m reflect™ mode with 5 and 20 kV on the target and conversi 
dynode, respectively. Theoretical average molecular mass (locale)) were 1 7^™ 
atomic compositions; teported experiment Mr <M<exp)) v^uefa^ * 
^ protonated form, determined using external adtaScT " "* ^ 

RESULTS 

^.mthediagnosisofgeneticdiseases. vj£^?JZ? A ~"+ 

uauon or toe resulting mini-sequencing products by matrix-assisted l»c w 
« (MALDI) mass specrromeuy (MS). Tne JUfS^^T" 
an^gemen, chosen as a pebble mass measurement system. T^ZT 

The schematic presentation as given in Figure 34 shows the e vn^ u 
se q ue„ cmg products ^ ^ ^ -« 

vanous mutations of exon 10 of the CFTR-eene Th. a „ ^ 
produced using either ddTTP (PigJ^ Z^^^^ T. 
-quence related stop in the nascent DNA strand. ^^Sf^T,^ 
m« K and mutation homozygous indiv^s are ^X^' 

of the various molecule m»c . , . y 01 tne experimental measurements 

anous molecular masses was within a range of minus 21 .8 and plus 87 1 dalton m * 
to the rana e exnecr^H tk.-o j x- - - . F 1 aaito " (Da) 

A fcrth ! definitive interpretation of the results allowed in each case 

! he ,'! 1 " h0d ^? ribed " hi8h ' y SUiab ' e for d =«»°n °f »inele point 



mutationc m- 



^eneuc uiaimos.s w,tnout anv n„H ,„ * uam " > :: ' 
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extension of mutation detection primer is applicable in each disease gene or polymorphic 
region in the genome like variable number of tandem repeats (VNTR) or other single 
nucleotide polymorphisms (e.g., apo lipoprotein E gene). 

5 Example 8: Detection of Polymerase Chain Reaction Products Containing 7- 

Deazap urine Moieties with Matrix-Assisted Laser Desorption/Iomzation 
Time-of-Flight (MALDI-TOF) Mass Spectrometry 



10 



20 



25 



30 



MATERIALS AND METHODS 



PCR amplifications 

The following oligodeoxynucleotide primers were either synthesized 
according to standard phosphoamidite chemistry (Sinha, N.D,. et al., (1983) Tetrahedron 
Let. Vol. 24, Pp. 5843-5846; Sinha, N.D.. et al.. (I 984} Nucleir ah J* p** v~i n d_ 
1 5 4539-4557) on a MilliGen 7500 DNA synthesizer (Millipore, Bedford, MA, USA) in 200 
nmol scales or purchased from MWG-Biotech (Ebersberg, Germany, primer 3) and 
Biometra (Goettingen, Germany, primers 6-7). 



primer 1 : 5*-GTC ACCCTCGACCTGCAG (SEQ. ID. NO. 1 6); 

primer 2: 5'-TTGTAAAACGACGGCCAGT (SEQ. ID. NO. 17); 

primer 3 : 5'-CTTCC ACCGCGATGTTGA (SEQ. ID. NO. 1 8); 

primer 4: 5'-CAGGAAACAGCTATGAC (SEQ. ID. NO. 19); 

primer 5 : S'-GTAAAACGACGGCCAGT (SEQ. ED. NO. 20); 

primer 6: 5M3TC ACCCTCG ACCTGCAgC (g: RiboG) (SEQ. ID. NO. 2 1 ); 

primer 7: 5'-GTTGTAAAACGAGGGCCAgT (g: RiboG) (SEQ. ID. NO. 22); 

The 99-mer and 200-mer DNA strands (modified and unmodified) as well as 
the ribo- and 7-deaza-modified 100-mer were amplified from pRFcl DNA (10 ng, 
generously supplied S. Feyerabend, University of Hamburg) in 100 uL reaction volume 
containing 10 mmol/L KC1, 10 mmol/L (NH4) 2 S0 4 , 20 mmol/L Tris HC1 (pH = 8.8), 2 
mmol/L MgS04, (exo(-)Pseudococcus fitriosus (Pfu) -Buffer, Pharmacia, Freiburg, 
Germany), 0.2 mmol/L each dNTP (Pharmacia, Freiburg, Germany), 1 umoI/L of each 
primer and 1 unit of cxo(-)P/u DNA polymerase (Stratagene, Heidelberg, Germany). 

35 For the 99-mer primers 1 and 2. for the 200-mer primers 1 and 1 and for rhr 

dGIP. The reaction was performed in a thermal cycler (OmniGene. MWG-Biotech, 
Ebersberg. Germany) using the cycle: denaturation at 95°C for 1 min.. annealing at 51°C 
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tor I nun. and extension at 72°C for 1 min. For all PCR, ,h 

^°™=d«su, g the cycle: d eMturan on a. 95'C for W ^ »««»«« 

extension a, 72'C for 1 tnin. ^ 30 cvc ,„ £ l™ ' - «>°C for , min . 

modified 10 3-mer respectively the samnl Umn ° d ' fied 40 *e 

, 0 pe uveiy, the samples were tncubated for additional 10 mi-, a. 72'C. 

Symhesis "fS'-f^-PJ-labeUa PCR-pr imm 
Primers 1 and 4 were 5' P2 pi i • , , 
(Epicentre Technologies) and (y^pj-rp mTTT ™ Pl0yin * ^P^^a'dkinase 
. , according » „„ Qf & J£^^°*. Dupon, Germany) " 

" ,0%of Prim=rla„ < i4inPCRwin,u,el, h -7, J "~ " WOT ' KrfOT ™«l substituting 

"acuon^Wons. The amplifTed DM. """^ """-fl 

PO-yacry^e,, £~ "■""^ " ' '°* 
CARS <o0C Hatnd section sys K m (P^ CT^s" ~ " * ™" 

"■mute, The sohuion ^1™™^ ^ ^ ' « 95 ° C ** * 
. MALD.-TOF ana.ysis ^loytg ^MC ^, " ^ ^ 
> below. ymg Uftrarree-MC filter units (10,000 NMWL) as described 

P "r<fic<"ionofPCR products 

iyophuisatio,, p CR P ^°™T:r; 8 to *■ manuf ~ *■*•"*»■ ^ 

MALDI-TOFMS 

«*L 3-HP A atd™^^ " a,y,e S °' U,i0n " d °' 5 ^ ° f ™* <0.7 
^,v„ , ... f , m <>l/i- ammonium citrate in aceron^!^,--,^ - • 

spectrom P ,»r,„„. T '^ ::r: ^- analyse. ; nc MALDI-TOF m^,- 

u dJKev 'on source and 20 
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keV postacceleration. The instrument was equipped with a nitrogen laser (337 nm 
wavelength). The vacuum of the system was 3-4. 1 0"8 hPa in the analyzer region and I -4 
10-7 hPa in the source region. Spectra of modified and unmodified DNA samples were 
obtained with the same relative laser power, external calibration was performed with a 
mixture of synthetic oligodeoxynucleotides (7-to50-mer). 

RESULTS AND DISCUSSION 



Enzymatic synthesis o/7-deazapuhne nucleotide containing nucleic 
0 acids by PCR 

In order to demonstrate the feasibility of MALDI-TOF MS for the rapid, 
gel-free analysis of short PCR products and to investigate the effect of 7-deazapurine 
modification of nucleic acids under MALDI-TOF conditions, two different primer-template 
systems were used to synthesize DNA fragments. Sequences are displayed in Figures 36 
and 37. While the two single strands of the 103-mer PCR product had nearly equal masses 
(Am= 8 u), the two single strands of the 99-mer differed by 526 u. 

Considering that 7-deaza purine nucleotide building blocks for chemical 
DNA synthesis are approximately 160 times more expensive than regular ones (Product 
Information, Glen Research Corporation, Sterling, VA) and their application in standard (3- 
cyano-phosphoamidite chemistry is not trivial (Product Information, Glen Research 
Corporation, Sterling, VA; Schneider , K and B.T. Chait (1995) Nucleic Acids Res.23. 
1570) the cost of 7-deaza purine modified primers would be very high. Therefore, to 
increase the applicability and scope of the method, all PCRs were performed using 
unmodified oligonucleotide primers which are routinely available. Substituting dATP and 
dGTP by c 7 -dATP and c 7 -dGTP in polymerase chain reaction led to products containing 
approximately 80% 7-deaza-purine modified nucleosides for the 99-mer and 103-mer, and 
about 90% for the 200-mer, respectively. Table I shows the base composition of all PCR 
products. 
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TABLE I: 

Base composition of the 99-mer, 1 03-mer and 200-mer PCR a ™i ■« ■ 

t .-^ _, uu mer amplification products 

(unmodified and 7-deaza purine modified) 




56 

28 
28 



28 
28 

34 
34 

20 
20 



56 
56 

23 
23 

24 
24 



34 
3 

24 
6 



31 



18 



50 



23 



2 00-mers 
modified 
200-mer s 
200-mer a 
modified 
200-mer a 
103-mer s 
modified 
103-mer s 
103-mer a 
modified 
103-mer a 
99-mer s 
modified 
99-mer s 
99-mer a 
modified 
99-mer a , 

•otal M o™, of purine aucfcotide, P ™" 

n.od.'fica.ion '^T*" ^ ^ S °- 9 ° % ^ P"™ 

Nucle jir £' f ™ rrr. "-r^ f - - 



21 
21 

24 
24 



23 
7 

24 
6 

21 
3 



54 
4 

28 
5 

26 
4 

20 
5 

34 
4 



16 



18 



18 



24 



15 



30 



90% 



92% 



79% 



78% 



75% 



87% 



-oorauon was iess ernciem leaning to a i 



p rD ^ "-^'^cru eaciina ^ , . > 
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stained gel might be artifacts since the modified DNA-strands do not necessarily need to 
give the same band intensities as the unmodified ones. 

To verify these results, the PCRs with FPJ-labeled primers were repeated. 
The autoradiogram (Figure 39) clearly shows lower yields for the modified PCR-products. 
The bands were excised from the gel and counted. For all PCR products the yield of the 
modified nucleic acids was about 50%, referring to the corresponding unmodified 
amplification product Further experiments showed that exo(-)DeepVent and Vent DNA 
polymerase were able to incorporate c 7 -dATP and c 7 -dGTP during PCR as well. The 
overall performance, however, turned out to be best for the cxo(-)Pfu DNA polymerase 
giving least side products during amplification. Using all three polymerases, it was found 
that such PCRs employing c?-dATP and C 7-dGTP instead of their isosteres showed less 
side-reactions giving a cleaner PCR-producL Decreased occurrence of amplification side 
products may be explained by a reduction of primer mismatches due to a lower stability of 
the complex formed from the 

r . v-w^^-^uum^ wuuuiung icmpiaie win eft is 

synthesized during PCR. Decreased melting point for DNA duplexes containing 7-deaza- 
purine have been described (Mizusawa, S. et al. f (1986) Nucleic Acids Res., 14, 1319-1324). 
In addition to the three polymerases specified above (exo(-) Deep Vent DNA polymerase, 
Vent DNA polymerase and exo(-) (Pfu) DNA polymerase), it is anticipated that other 
polymerases, such as the Large Klenow fragment of E.coli DNA polymerase, Sequenase, 
Taq DNA polymerase and U AmpIiTaq DNA polymerase can be used. In addition, where 
RNA is the template, RNA polymerases, such as the SP6 or the T7 RNA polymerase, must 
be used 



MALDI-TOF mass spectrometry of modified and unmodified PCR 
products. 

The 99-mer, 1 03-mer and 200-mer PCR products were analyzed by 
MALDI-TOF MS. Based on past experience, it was known that the degree of depurination 
depends on the laser energy used for desorption and ionization of the analyte. Since the 
influence of 7-deazapurine modification on fragmentation due to depurination was to be 
investigated, all spectra were measured at the same relative laser energy. 

Figures 40a and 40b show the mass spectra of the modified and unmodified 
1 03-mer nucleic acids. In case of the modified 1 03-mer, fragmentation causes a broad 
(M+H) + signal. The maximum of the peak is shifted to lower masses so that the assigned 
mass represents a mean value of (M+H) + signal and signals of fragmented ions, rather than 
the CM+H) + signal itself. Although the modified 10"? 



• • - narrow. 



. i.mmetrit signal, specially peax tailing on me lower mass siae aue i< 
depurinauon, is substantially reduced. Hence, the difference between measured and 
calculated mass is strongly reduced although it is still below the expected mass. For the 
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unmodified sample a (M-t-H) + simaJ of ^7n 

difference to the calculated JT^i ^ " * 97 U ° r ° ^ 

- M width at half maximum, ^ " ' **» UnDwd ' fi <* —pb with An, 

'0 singie brands in fc no ^T m ° re ^ ^ "» 

Aanfeuwn of purines and pyrimidines (fiW 4 , ""W 

to approach for the determination of ™,„,,..3?!. * ~ te "* of 
5 even more profound Although h»„ r 7 "" i ' S " U ' S " c,cc,r °P h °«ic methods 

were aMed'o he ^^^^^^ masses 

found that the full width at half m ■ 30750 u >- Again, it was 

purine contain^ sal^ * - 

unmodified purine nucleotide t y COI " ain about 20o/ « 

intensities hT^f COn ™ ^—-—io a, simiiar 
me(M+H; signals, the unmodified 99-mer reauinM ?n i u - 
contrast to 12 for the modified one and the 1 01 m ^ Sh0tS m 

as increased signa, intensi.es (figur^Ta I d 4 /b, ^ " 

predominates in the spectrum of L 7r. S ' gnal ° f lhe sin S*= strands 

«*« usi„ g modi fl :: P !::itT«t:, modif! ? on ° f nuc,eic acws ™- v - ^ 



roar fh* k ,.. JCiorc 11110 artcr Pnmer cieavacc r- imk 

/v-u.vMi wassuccessrui: Both hydro! vzed PPR „ ^ — 
— Pnme, cou.d he detected ^ r^ ^ 
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100-mer. This procedure is especially useful for the MALDI-TOF analysis of very short 
PCR-products since the share of unmodified purines originating from the primer increases 
with decreasing length of the amplified sequence. 

The remarkable properties of 7-deazapurine modified nucleic acids can be 
explained by either more effective desorption and/or ionization, increased ion stability 
and/or a lower denaturation energy of the double stranded purine modified nucleic acid. 
The exchange of the N-7 for a methine group results in the loss of one acceptor for a 
hydrogen bond which influences the ability of the nucleic acid to form secondary structures 
due to non- Watson-Crick base pairing (Seela, F. and A. Kehne (1987) Biochemistry. 26, 
2232-2238.), which should be a reason for better desorption during the MALDI process. In 
addition to this the aromatic system of 7-deazapurine has a lower electron density that 
weakens Watson-Crick base pairing resulting in a decreased melting point (Mizusawa, S. ef 
al.,(1986) Nucleic Acids Res., 14, 1319-1324) of the double-strand. This effect may 
decrease the energy needed for denaturation of the dunlev in tVlP MAT m TT 

I — V/VV^JO. 1 UCiC 

aspects as well as the loss of a site which probably will carry a positive charge on the N-7 
nitrogen renders the 7-deazapurine modified nucleic acid less polar and may promote the 
effectiveness of desorption. 

Because of the absence of N-7 as proton acceptor and the decreased 
polarizaiton of the C-N bond in 7-deazapurine nucleosides depurination following the 
mechanisms established for hydrolysis in solution is prevented. Although a direct 
correlation of reactions in solution and in the gas phase is problematic, less fragmentation 
due to depurination of the modified nucleic acids can be expected in the MALDI process. 
Depurination may either be accompanied by loss of charge which decreases the total yield 
of charged species or it may produce charged fragmentation products which decreases the 
25 intensity of the non fragmented molecular ion signal. 

The observation of both increased sensitivity and decreased peak tailing of 
the (M+H) + signals on the lower mass side due to decreased fragmentation of the 7- 
deazapurine containing samples indicate that the N-7 atom indeed is essential for the 
mechanism of depurination in the MALDI-TOF process. In conclusion. 7-deazapurine 
30 containing nucleic acids show distinctly increased ion-stability and sensitivity under 
MALDI-TOF conditions and therefore provide for higher mass accuracy and mass 
resolution. 
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Example 9: Solid State Sequencing and Mass Spectrometer Detection 



Oligonucleotides were purchased from Operon Technologies (Alameda. CA) 
in an unpurified form. Sequencing reactions were performed on a solid surface using 
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»£. from the sequencing te for Sequenase Vej5ion 2 Q (Ametsham ^ ^ 

Sequencin g g 39-mer tn^ t 
5 Sequencing complex: 

5-TCTGGCCTGGTGC AGGGCCTATTGTAGTTGTGACGT A C a /a* 
(DNAI 1683) (SEQ. ID. No. 23) ^ a 

10 

(PNA16/DNA) ^TCAACACTGCATGT-5' 

(SEQ. ID. No. 24) 

c ... . ** ° rder t0 P erfbrm ^lid-state DNA sequencing ten***. _ 1.. ... 

- was , -o.ounylated by tenninal deoxynucleotidvl transferase a iTT~ 

60 pmol of DNAI 1683, 1.3 ntnol of biotin I4hU^T 0 BrT "gITtT 7^ 
units of tenninal transferase (An^han. Kington ^ m^^ ^ " 
buffer (supplied with enzyme), was incubated « 37-C fnT^l ^ 
by heat inactivation of the tenninal transferase at 70'C for 0 m " ^ "T ^ ^ 
was desalted by passing through a TF i n » tmg Product 

DNAI 1683 was incubated with 0 3 mo « f rv, , 1116 bloUn ylated 

andredissoivedinSOuiTE iL-T , The beads were washed twice with TE 

sequencing^ " ^-t (conutning 0., mg of beads) was used for 

containing s 2 "*> - - ' <W voiume 

uuuin. _ M i ot „ Sequenase buffer (200 mM Tris.Hn ,m< ™ .. 

250 mM NaCl) fiom the Sequenase kit and 5™„! f MgC ' 2 ' md 

The anneajing mixture was eat^ o 70 " l l — ponding primer PNA16/DNA. 
over a 20-30 mi „ tjme ^ = » «»' » ™m temperature 

Msodium isocitrateando , MMcCm and 2 7^" ' bUffer(015 
added The reaction m i™ 7 " '' UKd P-25 units) were 

^™~L^:nTj: four a,iquoB ° f 3 " rach - ^ 

c7dATP ~> ^^" """'"f^WPn^e termination mix: 32 U M 

dCTP - 32 " M C7d ° TP - 32 ^ dTTP and 3.2 M M of „„e ^ Z 

ne oeaas were wh^.h r, .. .. " — : -— « removes 

. ..,ww«,. ul w,uspenaea in I h and kept at 4°C 
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Seauencinv a 78-mer target 
Sequencing complex: 
5-AAGATCTGACCAGGGATTCGGT^ 

TGGATGATCCGACGCATCAGATCTGG-{A b ) n -3 (SEQ. ID. NO. 25) 
5 (TNR.PLASM2) 

3'-CTACTAGGCTGCGTAGTC-5' (CM1) (SEQ. 

ID. NO. 26) 

10 The target TNR.PLASM2 was biotinylated and sequenced using procedures 

similar to those described in previous section (sequencing a 39-mer target). 

Sequenci ng a 15-mer tarzet with partially duplex probe 

1 5 Sequencing complex: 

5.. F ^ ATGATCCGACGCATCACAGCTC 3< (S£Q w No 2?) 
3 -b-CTACTAGGCTGCGTAGTGTCGAGAACCTTGGCT3'(SEQ. ED. No. 28) 

20 CM1B3B was immobilized on Dynabeads M280 with streptavidin (Dynal, 

Norway) by incubating 60 pmol of CM1B3B with 0.3 magnetic beads in 30 p.1 1M NaCl 
and TE (Ix binding and washing buffer) at room temperature for 3D min. The beads were 
washed twice with TE and redissolved in 30 ^1 TE, 10 or 20 ^1 aliquot (containing 0.1 or 
0.2 mg of beads respectively) was used for sequencing reactions. 

25 

The duplex was formed by annealing corresponding aliquot of beads from 
previous step with 10 pmol of DF1 la5F (or 20 pmol of DF1 la5F for 0.2 mg of beads) in a 
9 ^il volume containing 2 ^1 of 5x Sequenase buffer (200 mM Tris-HCl, pH 7.5, 100 mM 
MgCll, and 250 mM NaCl) from the Sequenase kit The annealing mixture was heated to 
30 65°C and allowed to cool slowly to 37°C over a 20-30 min time period. The duplex primer 
was then mixed with 10 pmol of TSlo (20 pmol of TS10 for 0.2 mg of beads) in 1 ^1 
volume, and the resulting mixture was further incubated at 37°C for 5 min, room 
temperature for 5-10 min. Then 1 jil 0.1 M dithiothreitol solution, 1 jil Mn buffer (0.15 M 
sodium isocitrate and 0.1 M MnCl 2 ), and 2 p.1 of diluted Sequenase (3.25 units) were 

i o m-M dCTT, i o um aGTP . i o uM a ITP ana i a uM oi one at me lour aciNTPs, in Si f 
mM NaCl). The reaction mixtures were incubated at room temperature for 5 min, and 37°C 
for 5 min. After the completion of extension, the beads were precipitated and the 
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supernaan, was removed. Tie beads w m resuspended in 20 uj TE and kept at 4-C At, 
ahquo, of 2 p, (out of 20 ul> fem each tube was taken and mixed with , ul of fonnam^e 
me resumng samples were denatured at 90-95'C for 5 min and 2 ul (out of 10 ul total) «« 
appl.ed loan ALF DNA sequencer (Pharmacy Piscary, NJ) tiling a 1« ' 
5 polyacrylamide gel containing 7 M urea and 0 6x TBF Th.™.- 

MALD.-TOFMS analysis. Theremammg ahquo, was used for 

MALD1 sample preparation and instrumentation 

Before MALDI analysis, the sequencing ladder loaded magnetic beads were 
0 washed rw.ce using 50 mM ammonium citrate and resuspended in 0.5 JZ^TZ? 
= n « then loaded on. the sample target of the mass specrroLl™ ^ 
*>»*°n (3-hydropicolinic acid (HPA): ammonium citrate = ,0-1 mo e 
- SOK ace^ntrtle) was added The mixture was allowed to dry prior to mass 
spectometer analysis. 

Bremen r ^ T0 ™ S ^ SpectromTOr 2000, Finnigan MAT 

B^en, Germany) was ^ for , ky ^ ^ ^'J£* 

"-apphed for posuccelen*,, Al. spectra were taken in the positive ion mode Z a 

aodYl^T NOnna " y ' ""* S ~ WM *™ " — — 100 Its 
and a standard 25-point smoothing was applied. '""snots 

RESULTS AND DISCUSSIONS 

Conventional solid-state sequencing 

In conventional sequencing methods, a primer is directly annealed to the 
*mpla,e and men extended and terminated in a Sanger dideoxy sequencing ^oLalt a 

o^gneuc beads. After waslung, the products are eluted from the beads using EDTA and 

duplex ,s desorbed and the immobile strand remains on the beads. Therefore i, is 
advantageous to urunobilize the template and anneal the prime, After the sequencing 
-cuon and washing, the beads with the immobilized temp,ate and annealed sequencing 
£*r can be loaded direoly onto the mass spectrometer target and mix with matrix. 7 
MALM, only the annealed sequencing ladder will be desorbed and ionized, and the 
immobilized template will remain on the target. 



- -aim 



r«n«i a "I I ^ '"" /, " C ' " uwcvcr ' since mc tem P late ^ immobilized and 
remained on the bead, during MALDI, the number of biotin-14-dATP would not affect the 
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mass spectra. A 14-mer primer (SEQ. ID. No. 29) was used for the solid-state sequencing. 
MALDI-TOF mass spectra of the four sequencing ladders are shown in Figure 34 and the 
expected theoretical values are shown in Table II. 



TABLE II 



1. 
2. 

3 . 

4 . 

5 . 

6. 

7. 

8 . 

9. 

10. 

11. 

12. 

13 . 

14. 

15 . 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24 . 
25. 
26. 
27 . 



5 * -TCrTGGCCTGGTGCAGGGCCTATTGTAGTTGTGACGTACA- (A b ) -3 - 

3 1 -TCAACACTGCATGT-5 
3 ' - ATCAACACTGCATGT - 5 
3 ' - CATCAACACTGCATGT - 5 
3 • -ACATCAACACTGCATGT-5 
3 ' -AACATCAACACTGCATGT-5 
3 ' -TAACATCAACACTGCATGT-5 
3 ' -ATAACATCAACACTGCATGT-5 
3 * -GATAACATCAACACTGCATGT- 5 
[ 3 * - GGATAACATCAACACTGCATGT - 5 

3 • - C GGATAACATCAACACTGCATGT - 5 
3 1 - CCGGATAACATCAACACTGCATGT - 5 
3 ' - C CCGGATAACATCAACACTGCATGT - 5 
3 ' -TCCCGGATAACATCAACACTGCATGT-5 
3 • -GTCCCGGATAACATCAACACTGCATGT-5 1 
3 ' -CGTCCCGGATAACATCAACACTGCATGT-5 
3 • -ACGTCCCGGATAACATCAACACTGCATGT-5 
3 * - CACGTC CCGGATAACATCAACACTGCATGT - 5 
3 ' -CCACGTC CCGGATAACATCAACACTGCATGT - 5 
3 • - AC CACGTC CCGGATAACATCAACACTGCATGT -5 ' 
3 ' -G AC CACGTC CCGGATAACATCAACACTGCATGT - 5 
3 4 -GGACCACGTCCCGGATAACATCAACACTGCATGT-5 1 
3 ' - CGGAC CACGTC CCGGATAACATCAACACTGCATGT - 5 1 
3 • -CCGGACCACGTCCCGGATAACATCAACACTGCATGT-5 
3 1 - ACCGGACCACGTCCCGGATAACATCAACACTGCATGT- 5 
3 ' -GACCGGACCACGTCCCGGATAACATCAACACTGCATGT- 5 ' 
3 * -AGACCGGACCACGTCCCGGATAACATCAACACTGCATGT- 5 
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A-reaction 

1. 


C -reaction 


2- 4223.8 


4223 . 8 


3. 4521.1 




4 . 


4809.2 


5. 5122.4 




6. 5434.6 




7. 




8. 6051.1 




9. 




10. 




11. 


6995.6 


12. 


7284.8 


13 . 


7574.0 


14. 




15. 




16. 


8495.6 
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TABLE ii (Continued) 
G-rc action 

4223 .8 



9097. 0 
9386.2 



10644 . 0 
10933 .2 



6379.2 
6704 . 4 



8207.4 



10027.6 
10355. 8 



11574.6 



T-reaction 
4223.8 

5737.8 



7878.2 



full ^ -action produced a relatively homogenous ladder and the 

MH-Wh sequence was denned easily. One peak around 5,50 appeared in aU 

extension. Mts-.ncorporat.on is of minor imponance, since the intensity of Le nea t < 
.0 «™„ lower man that ofthe fencing ladders. AI^T^^rCL. 

Lu^r ncmE T on - wwch couid s,abiiiM - n -*'« <— ^ Pr 

depunnauo,, mmor base losses were still observed s.nce the primer was not substituted bv 
7-deazapunnes. The full length ladder, with a ddA at the y e„H . ^ SUBSU <"«<1 by 
wthanapparentmassofUS,,,. However, .^"^^^^"T 

78 ™ , , Sa,M ' eChni '" ,e COUW * ^ IO "" Ue " ce l0 »8«- DNA fragments A 

-uneaiea ngnt outsiae the CTG renear so rh.r rh. ^ , 

*r pnmer e._. The four reactions were'^ ^^"TtO^S 
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ladder is shown in Table III with theoretical mass values for each ladder component. All 
sequencing peaks were well resolved except the last component (theoretical value 20577 4) 
was mchstinguishable from the background. Two neighboring sequencing peaks (a 62-mer 
and a 63-mer) were also separated indicating that such sequencing analysis could be 
applicable to longer templates. Again, an addition of an extra nucleotide by the Sequenase 
enzyme was observed in this spectrum. This addition is not template specific and appeared 
in all four reasons which makes it easy to be identified. Compared to the primer ^ 
sequencing peaks were at much lower intensity in the long template case Further 
optimization of the sequencing reaction may be required. 



SUBSTITUTE SHEET (RULE 26) 



WO 96/29431 



-50- 



PCT/DS96/0365I 



< 



M 
•J 

m 
< 



o 
o 

5- 

O in 



m m tn m m tn In 



ui m m m m 




*h cn m 



in u> r» 



• o 

03 (J\ H 



<D O H fN n V ^' U)V ©' m O 



O 



CM 



■^UES j i 1 oTE SHEET i RUlE 26 / 



WO 96/29431 1 -51- 



PCT/US96/03651 



m in in in 



• 



C 

o 



•J 

i 




n ^ in \c go 



O H 



cm m tt tn \x> 



ao a\ o ♦ m 
rr in in ld tn in 



O 



WO 96/29431 



-52- 



10 



15 



20 



25 



30 



35 



40 



45 



i. 

2. 
3 . 
4. 
5. 
6 . 
7. 

8 . 

9 . 

10 . 
11. 

12 . 

13 . 
14. 

IS. 

16. 

17. 

18 

19 

20 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 
31. 
32. 

33 . 

34 . 

35 . 

36 . 
37. 
38 . 
39. 
40 . 
41. 
42 . 
43 



ddATP 
5491.6 

6078 . 0 
7009.6 
7941.2 
8872.8 

• -29B04.4 
10736.0 
11667.6 
12599.2 



ddCTP 
5491.6 
5764.8 



6696.4 



7628.0 



8559.6 



9491.2 



10422.88 



11354.4 



12286.0 



TABLE III (Continued) 



ddGTP 
5491.6 



6407.2 



7338.8 



8270 .4 



9202.0 



10133 .6 



11065.2 



11996. 8 



12928 .4 



13835.0 



15360 . 0 
15673 .2 



16894 . 0 
17207.2 



13521.8 

14124.2 
14742 .6 



15962 .4 
16251 . 6 



17800 . 6 
18089. 8 



14453 .4 



16580 . 8 



ddTTP 
5491.6 



13232 .6 



15046.8 



17511.4 
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48- 19935.0 
49. 2024S.2 

S0 - 20577.4 



TABLE III (Continued) 

1964S . 8 



51. 20890.6 
S2 . 
10 53. 

54 . 

55 . 

15 



21484 . 0 



21194 .4 

21788.2 
22092.4 



Sequencing usine duplex DNA probes for capturing and priminr 
Duplex DNA probes with single-stranded overhang have been demonstrated 
to be able to capture specific DNA templates and also serve as primers for solid-state 
sequencing. The scheme is shown in Figure 46. Stacking interactions between a duplex 
probe and a smgle-stranded template allow only 5-base overhand to be sufficient for 
capturing. Based on this format, a 5* fluorescent-labeled 23-mer (5'-GAT GAT CCG ACG 
CAT CAC AGC TC) (SEQ. ID. No. 29) was annealed to a 3-biotinylated 18-mer (5'-GTG 
ATG CGT CGG ATC ATC) (SEQ. ID. No. 30), leaving a 5-base overhang. A 15-mer 
template (5'-TCG GTT CCA AGA GCT) (SEQ ID. No. 3 1 ) was captured by the duplex and 
sequencing reactions were performed by extension of the 5-base overhang. MALDI-TOF 
mass spectra of the reactions are shown in Figure 47A-D. All sequencing peaks were 
resolved although at relatively low intensities. The last peak in each, reaction is due to 
unspecific addition of one nucleotide to the full length extension product by the Sequenase 
enzyme. For comparison, the same products were run on a conventional DNA sequencer 
and a stacking fluorogram of the results is shown in Figure 48. As can be seen from the 
Figure, the mass spectra had the same pattern as the fluorogram with sequencing peaks at 
much lower intensity compared to the 23-mer primer. 

Improvements of MA LDI-TOF mass spectrometry as a detection technique 
Sample distribution can be made more homogenous and signal intensity 
could potentially be increased by implementing the picoliter vial technique. In practice, the 
samples can be loaded on small pits with square openings of 1 00 urn size. The beads used 
m the solid-state sequencing is less than 10 urn in diameter, so they should fit well in the 
microliter vials. Microcrystals of matrix and DNA containing "sweet spots" will be 
40 confined in the vial. Since the laser spot size is about 1 00 urn in diameter, it will cover the 



""^ ^ *^ i0 ^f«^v. yji luticoin^ uic ucicuucm sensitivity oi peptides ana 

proteins by several orders of magnitude compared to conventional MALDI sample 
45 preparation technique. 
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Resolution of MALDI on DNA ne^c « «. . 
- mamx and a reflecroo TOP ^ spectromeKr Mmma dMK 

tta 200 <FWHM) ufcch is enough for seauerTde^, „ ^ 

* - We. A " ° f ^ - d P**-*. are hereby u,co™ 

Eouival^ntc 

Those skilled in the art will recognize, or h. „k, . . 

-™ routme experimentation, numerous equivalents to the'™' V ^ riain D ° more 
herein. Such equivalents are considered t L k , ^ P™edures described 
covered by the following " * ^ ^ ° f ^ in -ntion and are 
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Claims 

1 . A process for detecting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: 

5 a) obtaining a nucleic acid molecule from a biological sample; 

b) immobilizing the nucleic acid molecule onto a solid support, to produce 
an immobilized nucleic acid molecule; 

c) hybridizing a detector oligonucleotide with the immobilized nucleic acid 
molecule and removing unhybridized detector oligonucleotide; 

10 d) ionizing and volatizmg the product of step c); and 

e) detecting the detector oligonucleotide by mass spectrometry, wherein 
detection of the detector oligonucleotide indicates the presence of the target ' 
nucleic acid sequence in the biological sample. 

15 2 - A process of claim 1, wherein step b), immobilization is accomplished by 

hybridization between a complementary capture nucleic acid molecule, which has been 
previously immobilized to a solid support, and a complementary specific sequence on the 
target nucleic acid sequence. 

3. A process of claim 1, wherein step b), immobilization is accomplished via 
direct bonding of the target nucleic acid sequence to a solid support. 

4. A process of claim 1, wherein prior to step b), the target nucleic acid 
sequence is amplified. 

5. A process of claim 4, wherein the target nucleic acid sequence is 
amplified by an amplification procedure selected from the group consisting of: cloning, 
transcription based amplification, the polymerase chain reaction (PCR). the ligase chain 
reaction (LCR). and strand displacement amplification (SDA). 

6. A process of claim 1, wherein the solid support is selected from the group 
consisting of: beads, flat surfaces, pins, combs and wafers. 

7. A process of claim 6, wherein step b), immobilization is accomplished by 
35 hybridization between an array of complementary capture nucleic acid molecules which 



20 



25 



30 



8. A process of claim 7. wherein the complementary capture nucleic acid 

40 molecules a— ^!i?n n nc!eoudes or oliconucleotide mimetics 
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9. A proems of claim wherein ^ immob . li2a[jon ^ revOT . bte 

5 group ^J^ZZ^Z^T" """ S ~ ^ ^ - 
TO*, EJecrrospray ^ J^ZSt: ^7" ^ ^ 

combinations thereof. X Wer Tnmsf °rm and 

n. Apro ce« ofclaim '.w hOTinpriortostepdXtheMnip]eiscondiUone<j 

a'u^Tol^ ' "*~ ta -«* is "y mass 

- ^-ioJcf^^n' ,2 '. Wh r in ^ diff ~°" " -"-cd by 
20 *c det.co, oHgoouc^Z " S ^"""^ fa *« ««- or phospha* ^ o( 



b.° l0g ,a, ^ comprisjng " -»« « — < — «■■■«« Prescm ,„ a 

SUBSTITUTE SMfCT, D „, c ,„ 
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a) obtaining a nucleic acid molecule containing a target nucleic acid 
sequence from a biological sample; 

b) amplifying the target nucleic acid sequence using an appropriate 
amplification procedure, thereby obtaining an amplified target nucleic acid 
sequence. 

c) hybridizing a detector oligonucleotide with the nucleic acid molecule and 
removing unhybridized detector oligonucleotide; 

d) ionizing and volatizing the product of step c); and 

e) detecting the detector oligonucleotide by mass spectrometry, wherein 
detection of the detector oligonucleotide indicates the presence of the target 
nucleic acid sequence in the biological sample. 

20. A process of claim 19, wherein the target nucleic acid is amplified by an 
amplification procedure selected from the group consisting of: cloning, transcription based 
amplification, the polymerase chain reaction (PCR), the Iigase chain reaction (LCR), and 
strand displacement amplification (SDA). 

21. A process of claim 19, wherein the mass spectrometer is selected from 
the group consisting of: Matrix-Assisted Laser Desorption/Ionization, Time-of-Flight 
(MALDI-TOF), Electrospray (ES), Ion Cyclotron Resonance (ICR), Fourier Transform and 
combinations thereof 

22. A process of claim 19, wherein prior to step d), the sample is 

conditioned. 

23. A process of claim 22, wherein the sample is conditioned by mass 

differentiation. 

24. A process of claim 23. wherein the mass differentiation is achieved by 
mass modifying functionalities attached to primers used for amplification. 

25. A process of claim 23. wherein the mass differentiation is achieved by 
exchange of cations or removal of the charge at the phosphodiester bond. 



\ process ui ciaiiTi i 7, whcicin Uic rmcieic aciu moiecuie is hLNA. 
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28. A process of claim 19, wherein prior to steo d^ amnl,f^ , 
P-ous ly mobilized » . ^ ^ md ^ ^ nucWc ^ ^ 

3 1 . A process of claim 28, wherein the immobilization is reversible. 

i c _ . _ 32 - A Process of ciaim ' 9 wherein the target „uci„> . • 

««A nngerprint or is a disease or condition selected fro™ rh. T*"™* " 3 

disease, a chromosomal abnormality . ~v ^ ^ C ° nS1Sting ° f 3 * enetic 

infection, a bacterial infection^^^^ * ^ **** * *** 



a) obtaining a targe, nucleic from a ^ 

b) rephcafng the target nucleic acid sequence, thereby producin / a 
n=P"cated nucleic acid molecule; 

c) specifically digesting the replicated nucleic acid molecule using a, leas, 
- , one app^opnate „„ cleas e. mereby 

d) .rnmobthzmg me digest fragments onto a solid support containing 
complement^ capture nucleic acid sequences to produce immobilized 

fragments; and 

e) anaJysmg the immobilized fragments by mass spectrometry, wherem 
hybndtzatton and the determination of the molecular weight/of the 
immobilized fragments provide informatton on the target nucleic acid 
sequence. 



35 



34. A process of claim 33, wherein the solid support is .elected f. 
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36. A process of claim 33, wherein the immobilization is reversible. 

37. A process of claim 33 wherein the mass spectrometer is selected from 

5 the group consisting of: Matrix-Assisted Laser ^sorption/Ionization Time-of-Flight 

(MALDI-TOF). Electrospray (ES), Ion Cyclotron Resonance (ICR), Fourier Transform and 
combinations thereof. 

38 - A P rocess of ciaim 33, wherein prior to step e), the sample is 

10 conditioned. 

39. A process of claim 38, wherein the sample is conditioned by mass 

differentiation. 

5 40. A process of claim 38, wherein the mass differentiation is achieved by 

the mtroduction of mass modifying functionalities in the base, sugar or phosphate moiety of 
the detector oligonucleotides. 

41. A process of claim 39, wherein the mass differentiation is achieved by 
exchange of cations or removal of the charge at the phosphodiester bond. 

42. A process of claim 33, wherein after step a), the target nucleic acid 
sequence ,s replicated into DNA using mass modified deoxynucleoside and/or 
dideoxynucleoside triphosphates and RNA dependent DNA polymerase. 

43. A process of claim 33, wherein after step a), the target nucleic acid 
sequence is replicated into RNA using mass modified ribonucleoside and/or 3'- 
deoxynucleoside triphosphates and DNA dependent RNA polymerase. 

44. A process of claim 33, wherein after step a), the target nucleic acid is 
rephcated into DNA using mass modified deoxynucleoside and/or dideoxynucleoside 
triphosphates and a DNA dependent DNA polymerase. 

45. A process of claim 33 wherein the target nucleic acid sequence is a 
DNA fingerprint or a disease or condition selected from the group consisting of a genetic 
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46. A process for detecting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: P " 3 

a) obtaining a nucleic acid molecule containing a target nucleic acid 
sequence from a biological sample; 

b) contacting the target nudcic ^ ^ ^ ^ ^ 
P-.^vu.g 3 . tenninal ^ complemenIaljIy tQ ^ ^ nucie . c ^ 

and «rrt4 one of the four nuclide tnphosphaC 
d) lotuzmg and volatizing the product of step c) - and ' 

.... !> f 7 Dg *" PrcdUCt ° f «P d > * — spectrometry, wherein the 

molecuiar w„g ht of tte product indicate, the presence or absenceof a 
^ mutafon next ,o the y end of the p rim er in the target nucleic acid sequence. 

4? ' A PTOCKS deKCtinS 3 Qr8et ™<=l=<>«<i= present in a biological 
sample, comprising the steps of: oioiogicai 

20 u ta!f^ 8 3 ° m ° ,ecuie *" c ° nains a »■« ««*"** 

« , nucleic mo,ecule omo a - Bi ~ - 

an immobilized nucleic acid molecule; 

c) hybridizing the immobilized nucleic acid molecu^ with a primer 
oligonucleotide that is complementary to the nucleic acid molecule at a site 

25 immediately 5' of the target nucleotide; 

d) contacting the product of step c) with a complete set of 
dideoxynucleosides or 3'-deoxynucleoside triphosphates and a DNA 
dependent DNA polymerase, so that only the dideoxynucleoside or 3'- 

is e eT U d C !T Side ! iPh ° SPhate *" " COm *™«^ - the target nucleotide 
3Q 1S extended onto the primer; 

e) ionizing and volatizing the product of step d)- and 

f) detecting the primer by mass spectrometry, to determine the identity of the 
target nucleotide. 

3 < n . . 48- A PrOCCSS f ° r dete <*"g * mutation in a nucleic acid molecule 
35 comprising the steps of: molecule. 

a) obtaining a nucleic acid molecule; 



^ontacunij me proauci or m u-,th 

4U endonuciease, " r ' — -^u specie 
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d) ionizing and volarizing the product of step c); and 

e) detecting the products obtained by mass spectrometry, wherein the 
presence of more than one fragment, indicates that the nucleic acid molecule 
contains a mutation- 

49. A process for detecting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: 

a) obtaining a nucleic acid containing a target nucleic acid 
sequence from a biological sample; 

b) performing at least one hybridization of the target nucleic acid sequence 
with a set of ligation educts and a thermostable DNA ligase, thereby forming 
a ligation product; 

c) ionizing and volatizing the product of step b); and 

d) detecting the ligation product by mass spectrometry and comparing the 
value obtained with a known value to determine the target nucleic acid 
sequence. 
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